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ANNUAL REPORT OF THE ISTHMIAN CANAL COM- 
MISSION TO THE SECRETARY OF WAR. 


The report of the Isthmian Canal Commission 
for the year ending June 30, 1907, was made pub- 
lic at Washington on Nov. 27, nearly five months 
after the close of the fiscal year. We reprint be- 
low those portions of the report of most interest 
to our readers and reproduce herewith some re- 
cent photographs taken on the Isthmus and fur- 
nished us by the Commission. It is pointed out 
at the opening of the report that most of the 
work done during the fiscal year covered was 
done under direction of 


EXCAVATION AND DREDGING. 

This department of construction embraces the Culebra 
division, extending from the Chagres River to Pedro 
Miguel, the Chagres division, embraced between deep 
water in Lake Gatun and the Chagres River, the Colon 
dredging division, extending from Gatun to deep water 
in the Atlantic, and the La Boca dredging division, tak- 
ing in all excavation between the La Boca locks and 
deep water of the Pacific. 

CULEBRA DIVISION.—The Culebra division is practi- 
cally 10 miles in length, and early in the wet season it 
was recognized that general supervision of all the steam 
shovels or all the trains of the entire division under one 
supervisor or superintendent was not productive of the 


Messrs. Shonts and Stev- 
ens, the engineers at 
present in charge hold- 
ing office only for the last 
three months of the fiscal 
year. 
Culebra, Canal Zone, 
October 17, 1907. 
Sir: I have the honor to 
submit, on behalf of the 
tsthmian Canal Commission, 
its annual report for the 
fiscal year ending June 30. 
1907, 
ORGANIZATION OF THE 
COMMISSION. 


At the close of the previous 
fiscal year the Commis- 
sion consisted of six mem- 
bers. During the present 
fiscal year the entire per- 
sonnel was changed, brought 
about by the transfer of Gov- 
ernor E. Magoon, on Sep- 
tember 25, to administer af- 
fairs in Cuba, by the ac- 
ceptance of the resignations 
of Mr. Theo. P. Shonts, 
chairman, effective March 4, 
1907; of Gen. Peter C. 
Hains, Maj. B. M. Harrod, 
and Rear-Admiral Mordecai 
T. Endicott, effective March 
16, 1907, and, finally, of 
Mr. John F. Stevens, chair- 
man and chief engineer, on 
April 1. To the vacancies 
‘hus created were assigned 
three officers of the Corps of 
Engineers, U. the 
Chief of Bureau of Yards and Docks, U. Si N.; an of- 
‘cer of the Medical Corps, U. 9, A. and two civilians. 
"he two important changes resulted from a combina- 
‘on of the positions of chairman and chief engineer 
n March 4, and from the requirement that the Com- 
‘issioners take station on the Isthmus, where they 
an be in direct touch with the work committed to their 
harge. The new Commission assumed its duties on 
April 1, 1907. 

In order to utilize the services of the engineer mem- 
“rs of the Commission in construction work and to 
“cure @ closer supervision of the details of the work, 
‘ten rapidly expanding, through a head directly re- 
‘ponsible to the chairman and chief engineer, the De- 
‘artment of Construction and Engineering was sub- 
livided into departments, each in charge of a member 
‘{ the Commission, as follows; Department of excava- 
on and dredging, Department of lock and dam con- 
‘ruction, Department of municipal engineering, motive 
wer and machinery, and building construction. 


VIEW OF CULEBRA VILLAGE FROM THE RESERVOIR. 
(Administration Building at the left, Hotel at the right, Y. M. C. A. Club House in the Center.) 


best results in fixing responsibility in case any part of 
the work was not progressing satisfactorily, consequently 
a slight change in organization was effected on July 1. 
This consisted in subdividing the division into five con- 
struction districts, each under charge of a superintendent 
of construction, who is held responsible for the work in 
his district. Better results have followed with less fric- 
tion. 

Since the close of the fiscal year the monthly output 
improved over the early months of the wet season, as 
indicated by the following table: 

Daily aver- 


Number of age num- 
Month. working __ ber of shov- Output. 
days. els at work. 
1907. Cu. yds. 
September............... 24 38.50 753,468 


The greatest difficulty found in maintaining the out- 
put thus far during the rainy season is due to the 


dumps; the material being loose sinks under train loads 
after being wetted by the heavy rains, causing consid- 
erable delay if not entirely preventing the use of the 
dump until it has dried out. 

CHAGRES DIVISION.—On this division only prepara- 
tory work was done during the year. The Chagres River 
crosses the center line of the canal 23 times within 
the limits of the division. Though the amount of work 
to be done is relatively not large, the conditions are 
such as to militate against rapid progres: Since the 
close of the fiscal year work has been commenced and 
steam shovels diverted from the Culebra division until 
others under contract are delivered. 

COLON DREDGING DIVISION.—This division con- 
sists of the Mindi and Co- 
lon districts. In the former 
about 700,000 cu. yds. of 
material in the vicinity of 
Mindi Hills will be removed 
by steam shovels, this 
method being more economi- 
cal since the borings made 
during the fiscal year indi- 
cate that a large percentage 
of rock is found in this lo- 
eality; the remainder will be 
dredged. 

The excavation by dredges 
during the fiscal year 
amounted to 1,112,321 cu. 
yds.,. place measurement, of 
which 43,602 cu. yds. were 
rock. 

LA BOCA DREDGING DI- 
VISION.—The dredging -fleet 
for this division consisted 
of one old French ladder 
dredge and one 5-yd. dip- 
per dredge. A second French 
ladder dredge was undergo- 
ing repairs and was put in 
Operation after the close of 
the fiscal year. A seagoing 
dredge similar in type to 
the suction dredge for the 
Colon end is under contract 
and when finished will 
proceed under its own steam 
by way of Cape Horn to 
Panama. The ladder dredges 
and dipper dredges were 
served by seven French self- 
propelling dump barges, 
and a contract was made for 
three steel hopper barges 
to be used for the sama 
purpose, 

During the past fiscal year 1,235,897 cu. yds. 
terial were dredged from the division. 

LOCKS AND DAMS. 

This department of construction embraces the Gatun 
locks and dam, the locks and dam at Pedro Miguel, the 
locks and dams at La Boca, meteorology and river hy- 
draulics. 

The locks are in pairs, each, as now proposed, with 
usable lengths of 1,000 ft. and widths. of 100 ft. The 
adopted project contemplates a flight of three locks at 
Gatun, a flight of two at La Boca, and one lift at Pedro 
Miguel. 

Prior and subsequent to the adoption by Congress of 
the 85-ft. level canal in June, 1906, borings were made 
to determine the character of the foundations at the 
various lock sites. The classification of the data so 
obtained was recorded in such a way as to cause con- 
siderable adverse comment, questioning the suitability’ 
of the material for the purpose. To actually develop 
the character of the foundations on which the locks 
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are to rest, five test pits each 6 ft. x 8 ft. were sunk 
to the depths of the lock walls at Gatun, two at Pedro 
Miguel, and one at the spillway in Gatun dam. The 
outcropping of trap rock at La Boca, which borings 
showed extends to proper depths, rendered such exam- 
{nations of the foundations for these locks unnecessary. 
On the completion of the test pits a Board of Consult- 
ing Engineers, consisting of Alfred Noble, Frederick 
P, Stearns, and John R. Freeman, made a personal ex- 
amination of the material, and under date of May 2, 
1907, reported as follows: 

We beg to record that we found that all of the locks 
of the dimensions now =~ will rest upon rock of 
such a character that should furnish a safe and stable 
foundation. 

Since then careful borings have been continued over 
the entire area in order to secure a contoured plat of the 
rock surface with a view to the most economical ad- 
justment of the locks to the site. 

Subsequent to the adoption of the project, studies were 
begun of locks, gates, and sluiceways. From _ these 
studies the Commission finally decided upon the method 
of filling and emptying the locks and the number and 
type of gates. The gates are in duplicate and of the 
miter type, except that the rolling gate similar to that 
now in use on the Ohio River wi!l be substituted for 
the duplicate set at the lower end of each summit-level 
lock. In addition there will be provided an auxiliary 
pair of gates at the lower end of each flight for use 


MUNICIPAL ENGINEERING, MOTIVE POWER AND 
MACHINERY, AND BUILDING CONSTRUCTION. 
DIVISION OF MUNICIPAL ENGINEERING.—The 

work performed by this division during the fiscal year 
included the paving of streets and construction of water- 
works and sewer systems in the cities of Panama and 
Colon, paving, roadmaking, grading, construction of 
water-works and sewer systems, and miscellaneous work 
of a similar nature in the Canal Zone, necessitating an 
expenditure of $1,741,953, divided about equally between 
work in the cities of Colon and Panama and work in 
the Canal Zone. 

The cost of work done in the cities of Colon and 
Panama will be reimbursed to the United States. 

The average daily force carried during the year was 
2,593 employees, both gold and silver. 

DIVISION OF MOTIVE POWER AND MACHINERY.— 
The work of this division embraced the erection and 
preparation for service of machinery necessary in canal 
construction and its maintenance in good repair; the 
installation and operation of air-compressor plants; the 
performance of work in connection with electrical instal- 
lations, and the manufacture and repair work for other 
divisions. During the year 2,479 employees were car- 
ried on the rolls and expenditures made to the amount 
of $6,360,496.56. 

To date the following machinery has been erected and 
made ready for service: 63 steam shovels, 284 locomo- 


VIEW IN CULEBRA CUT, HALF A MILE NORTH OF “CONTRACTOR'S HILL.” A CHURN 
DRILL AT WORK. 


as cofferdams in case it may be necessary to pump out 
the locks, and it has been determined tentatively to 
adopt a swing-bridge type of dam for emergency use. 
The designs for the locks and gates are progressing 
satisfactorily. 


GATUN LOCKS AND DAM.—Excavation of the lock 
site by steam shovels was begun in September, and by 
the end of March four shovels were at work, and a 
total of 484,362 cu. yds., place measurement, of earth 
and rock were removed during the year. 

About 573 acres of the site to be occupied by the 
dam were cleared of timber, and a pile trestle was par- 
tially driven along the 30-ft. contour on the upstream 
toe of the dam for the purpose of depositing rock from 
Bas Obispo as an integral part of the dam. Contracts 
were entered into for two 20-inch pipe line suction 
dredges for construction use on the lower portion of 
the dam. 

The cross section of the dam has been slightly changed 
and the upstream slope made more gradual than that 
originally proposed. 

A topographical survey was made of the basin of the 
lake up to the 100-ft. contour, and all the saddles in the 
hills were carefully examined to ascertain the nature of 
the material composing them. The survey was practi- 
cally completed at the close of the fiscal year, from 
which the area of the lake is determined to be 164.23 
miles, 


tives, 2,706 dump cars, 18 unloaders, 13 bank spreaders, 
33 unloading plows, 3 track shifters, and 7 pile drivers. 

BUILDING CONSTRUCTION DIVISIONi—The work 
of this division consisted in the construction of build- 
ings for the different departments and divisions of the 
Commission. 

A total of 767 new buildings were constructed cov- 
ered by this report, and on June 30, 1907, there were 
on hand 2,919 buildings of all classes. 

The average force employed was 3,570 men, and in the 
work outlined above $4,357,587.57 were spent. The 
largest single item of expenditures was for quarters for 
gold employees, amounting to $1,432,415.51. The next 
largest item was for the construction of silver employ- 
ees’ quarters, amounting to $482,502.88. For the con- 
struction of buildings for hospital purposes there were 
expended $315,196.57 and for supervision and clerical 
force $193,763.73. These figures for construction work 
include both labor and material. 


DIVISION OF MATERIAL AND SUPPLIES.—During 
the year material was received by purchase to the value 
of $9,500,000, of which over 90% covers purchases made 
in the United States. This has entailed the handling 
of 37 full cargoes of material and partial cargoes from 
about 150 vessels. A large amount of old French ma- 
terial, consisting of boilers, pumps, Decauville track, 
cars, locomotives, cranes, and other material, has been 
repaired and placed ip service. About 11,000 tons of 


this old French material were disposed of 
in the United States as scrap iron. 

In addition to the work of handling al «), 
the Commission this division is charged with 
and operation of corrals and equipment used 
transportation on the Isthmus, Over 600 bh 
mules, with the necessary wagons, carts, 
and ambulances, are in this service. In this . 
it is interesting to note that the cost per n 
team to the Commission for teams actually 
including all charges for labor, forage, and mi 
ous items, as well as expense of sick teams, wo 
$110. A proposal was received recently by th: 
mission from a contractor in the United States, » 
had considerable experience in similar work in | 
America, to do all land transportation at the ; t 
$450 per month per team, or over four times »! 
is costing the Commission at the present time. 

Twelve hundred and eighty-nine employees wer. 
ried on the rolls of this division, and expendity; 
account of its operation amounted to $755,321.89. 

CONTRACT VERSUS HIRED LABOR. 

Under date of Oct. 9, 1906, sealed proposals wer 
vited for the complete construction of the canal in 
cordance with the approved plans, bids to be ope: 

Jan. 12, 1907. As none of the bids received ap; 

to be entirely satisfactory, they were rejected, ani ‘ 
work was continued in the same manner as it was » 
gressing at the time that the invitation was issued 

There is no question that in the majority of case: iy 
the United States work is contracted because it can jo 
done cheaper by that method than any other. Th 
generally due to the fact that the contractor ha: on 
hand a construction plant which can be more chea)ly 
hired than purchased anew. Where, in any particular 
case, either from the nature of the work or its location, 


to 


the contractor must purchase machinery and applian es 
which, so far as he can foresee, will be practically use- 
less in the completion of the work, or where the party 


having the work done can make use of the plant sub- 
sequent to its completion, the advantages of the contract 
system disappear. 

As illustrative, the Government secured cheaper and 
incidentally better concrete work in its fortifications 
than was obtained by contract. The batteries are heavy 
concrete constructions requiring machinery for which the 
contractor could find little, if any, subsequent use. For 
the same reason the Government, in many cases, espe- 
cially where the work was removed from commercial 
centers, was able to construct locks and dams more 
cheaply than could a contractor. In some instances, to 
overcome a combination of contractors, the Government 
purchased the necessary plant and accomplished results 
more cheaply than by contract; this is notably true in 
dredging operations, as recent legislation on the sub- 
ject clearly indicates. 

It is not uncommon in the execution of comparatively 
large projects that the contractors have failed and the 
Government carried successfully to completion, by hired 
labor, the work undertaken by the contractor. Notable 
instances of the Government successfully completing 
work are the State, War, and Navy Department build- 
ing and the Congressional Library, Washington, D. C. 

Omitting profits derived from subsistence and general 
stores, and assuming the hours of labor the same in 
both cases, it stands to reason that the Government, 
when warranted in making the necessary outlay for 
plant, can do work cheaper than a contractor, for no 
question of profits enters into consideration. 

The question of Government work versus contract 
in connection with the Panama Canal has been dis- 
cussed, and a conclusion reached in favor of the latter 
method because of certain stated advantages that are 
claimed to result. To those familiar with river and 
harbor improvements, erection of public buildings, light- 
houses, etc., and with contracts under the Government, 
the advantages set forth are not so apparent or real. 

It is claimed that contractors have under their con- 
trol and at their disposal trained labor forces, and 
that by a combination of such forces, through an 45s0- 
ciation of contractors, team work will result, thereby ac- 
complishing the desired end more quickly. As a matter 
of fact, conditions seldom enable a contractor to main- 
tain intact his entire organization on one piece of work 
for transfer to another; the completion of a job mcans 
the disbanding of the force, and though new work may 
bring to him some of his old men, a new organ!:4‘ion 
must in each case be perfected. 

The Panama Canal presents a piece of work unprece- 
dented in magnitude, which must be done under con- 
ditions entirely different from similar classes of work in 
the United States. The work naturally divides ‘tself 
into dredging, dry excavation, the construction °< the 
locks and dams, and the construction of the new /snama 
Railroad. There is no contractor or syndicate ©! ©D 
tractors that by any combination could bring ‘© ‘he 
Isthmus an organization ready for team work on °°" of 
these units. While it is possible for several con! + tors 
to combine forces, assulaing that a sufficient nun >’? of 
men can be gotten together in that way, there © |! re 
mains the necessity for whipping this force into sbape 
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secure an organization that will produce the 


— so advantageous in the accomplishment of 
vo ve United States the supply of labor is the 
me ner the work be done by contract or by the 
Gove t, and the character of the labor must be 
the So long as work is plentiful, the dread of 
the es will deter men from seeking work here in 
pref > and this is equally applicable to the con- 
trac! and the Government. An adequate supply of 
labor » the United States is not possible, and recourse 


must had to securing it abroad. The records here 
show nat no contractor can even attempt to recruit 


labor 2 the West Indies, and that great opposition 
wil] develop to any recruiting by authorized agents of 
the Commission if the labor procured is turned over to 
contractors. These island governments can not be blamed 
for their hostility toward the latter because of their ex- 


perience under the French, which left an indelible im- 
pression throughout the West Indies. A representative 
of the Italian Government has recommended to the au- 
thorities that Italian labor be permitted here for em- 
ployment under the Commission, but he is not favorably 
inclined to the control of such labor being vested with 
a contractor. 

It is true that in some cases the contractor may have 
an acquaintance which will enable him to secure suita- 
ble men more easily than a Government agent, and, 
again, he may bring to a work a greater experience, 
but so far as the most important parts of the Panama 
Canal work are concerned, this advantage is not ap- 
parent. In any case the knowledge of the specialist in 
the particular work that is to be done is the element 
that will accomplish the most satisfactory results, and, 


of work that he would be able to accomplish had he 
spent the same period in a cooler climate. This creates 
a desire to accumulate sufficient means to avoid the 


‘necessity of relatively harder work on the return to the 


United States, and is a question that a contractor would 
be obliged to face as well as the United States. In some 
respects the Government is in a position to handle the 
situation more satisfactorily than a contractor, as was 
plainly shown by the trouble with the steam-shovel men 
in May last. 

The wage scale on the Isthmus is practically adopted 
and a contractor would be obliged to maintain it, Under 
the recent decision that all questions of pay are to be 
left with the Commission, this body is placed on as 
secure a basis relative to the constant demands for an 
increase as any association of contractors. 

Experience has shown that continuity of construction 
is more apt to result in cases where the Government 
undertakes the task than when it is turned over to con- 
tractors. This can be easily verified by an examination 
of the records (the number of failing contractors) to 
be found in the office of the Chief of Engineers. For 
all work done by hired labor continuity of work is 
merely a question of continuity of appropriations. It 
is true that continuity may be equally insured by turn- 
ing the Panama Canal work over to contractors, if the 
contract is so drawn that practically all risks are as- 
sumed by the Government, but why this should be 
done, at a considerable increase in cost, is not apparent. 

To anyone who has had experience with contracts on 
Government work, the claim that letting a piece of work 
by contract is a reasonable assurance that it will be 
completed in a definite time is utterly untenable. On 
public works, including public buildings, it may safely 


PREPARING FOR A BIG BLAST NEAR BAS OBISPO. 
(Blast fired, Sept. 19, 1907. Four drill holes were put down with well drills 
to a depth of 78 ft. and charged with 9,600 Ibs. of black powder. The face of the 
cliff on the right was thrown down and nearly 30,000 cu. yds. of rock was displaced.) 


so far as dredging and lock and dam construction are 
concerned, the Government’s experience has been, if not 
greater, at least as extensive as that of any contractor 
or association of contractors that can be secured in the 
United States. 

For these units of the work the Government’s ac- 
Quaintance {s equally extensive, and experienced men 
can be drawn from the engineering force of the Govern- 
ment. These three classes of work form the most im- 
portant parts of the Panama Canal, and in their prose- 
cution the Government has the advantage. So far as 
relates to excavation in the dry by steam shovel and 
cars the advantage ordinarily would be with the con- 
tractors, yet the Government has secured and main- 
tained an organization on the Isthmus that can not be 
Surpassed by any contractor, and, it is claimed, has 
perfected this organization in as short a time as, under 
the circumstances, could have been done by any asso- 
Caton of contractors. 

Wien the Government does work in the United States, 

“ese Seale is determined by the amount paid for the 

class of labor in the immediate vicinity; there is 


7 ’-essure brought to bear on higher authority for 
_’ Screase over the salaries or amounts offered, and 
, . sre unknown. It is true that conditions on the 
_ “8 8re such that demands for increase in pay are 
= ent, and that to accomplish what was denied by 
“ —mmediately in charge of the work recourse has 


to higher authority. 
; titions on the Isthmus are peculiar. It is con- 
._ Spparently on reasonable grounds, that service 
ine Tropics saps the energy, and that a man is in- 
Spocle, after a time, of performing the same amount 


such a contention. On the other hand, there ifs an 
equally large class who will contend to the contrary 
and claim, after the completion of the work, that the 
reverse is true. 

Work heretofore has been conducted on a nonpartisan 
basis. The thinking class of American people fully 
realize the necessity for the Panama Canal and its early 
completion, and it is generally realized that this can be 
accomplished only by the application of business and 
nonpartisan methods. This has generally been the case 
with all Government work wherever undertaken, and the 
fact that the continuation of this policy may not continue 
along the same lines is hardly an argument strong enough 
to weigh in favor of contract work. 

While it has been noted that contractors can usually 
do work cheaper because of plant already on hand, 
thereby saving the cost of new machinery, and because 
of greater familiarity with the class of work on which 
they are engaged, there are at times additional ways for 
securing the same results, namely, (a) by paying lower 
wages, (b) by working their men longer hours, (c) by 
requiring a greater amount of work per hour from the 
men, (d) by giving them less expensive rations and 
quarters, in case employees are fed and quartered. 

On the Panama Canal a contractor can not anticipate 
profits from any of these sources. The work already 
done and in progress has fixed the wage scale, and a 
contractor would be unable to retain labor that might 
be turned over to him, nor could he secure additional 
men at less salary than already paid by the Commission. 

The Government is now working foreign labor as 
many hours per day as is practicable in this climate, so 
the contractor could gain nothing more than the Govern- 
ment has already acquired. So far as American labor 


be said that in the majority of cases the time limit is 
exceeded. An examination of the contracts for material 
to be supplied the Isthmian Canal, so far as the time 
limits proposed by the contracts are concerned, will 
clearly show that there is no assurance of completion 
in a definite time of any contract, even though the 
contractors themselves, when fully cognizant of all the 
conditions surrounding the work, fix the time for the 
completion or delivery. It certainly can not be sup- 
posed, therefore, that in an enervating climate, like that 
on the Isthmus, and with labor below that in the United 
States in efficiency, this time-failing record for contract 
work would be changed. 

Reasonable definiteness in cost is usually obtained by 
contract, when based on unit prices and when all con- 
ditions of the work are fully known in advance, yet 
these unit prices are as a rule higher than would be 
the cost to the Government should the latter possess 
the necessary plant. It is true that the contract which 
was proposed for the construction of the canal provided 
for the determination of time and cost by a board of 
engineers, but the conclusions on these points could be 
upset should conditions be found or met with unfore- 
seen by that board. Experience on all works, even 
those based on more definite data than can be presented 
to contractors for the Isthmian Canal work, shows that 
the unexpected is always happening, and this seems es- 
pecially true of the work here. 

There is no question that there are a number of peo- 
ple who will always believe and contend that any piece 
of work done by the Government could have been done 
as well and more cheaply if undertaken by contract, but 
an examination of the records will generally disprove 


SLEEPING 


QUARTERS FOR EUROPEAN LABORERS. 


is concerned, the eight-hour law is applicable, and so 
long as it remains in force it must be as binding on 
the contractor as on the Government. 


It is questioned whether he could get more work out 
of the laborers on the Isthmus than they now perform 
for the Commission. This is a question dependent en- 
tirely upon the character of foremen employed, and he 
would have exactly the same class of men in this posi- 
tion, since most of the foremen now employed have 
previously been with contractors, and therefore have 
had their principal training on contract work. More- 
over, the pace set by the laborers under the Commission 
would fix the rate for the contractor. 

Were all the work turned over to one contractor, or 
an association of contractors, the Commission would be 
obliged to maintain a supervisory force, and the feeding 
and quartering of these employees would determine the 
demands that the contractor’s men would make upon 
him for accommodations. Moreover, a number of the 
dwellings that are now occupied by Commission em- 
ployees would be turned over for occupancy by con- 
tractor’s men, and any additional force would expect 
the same accommodations. Trouble would result, there- 
fore, in case the contractor fed his employees on less 
expensive rations or quartered them less comfortably 
than the Commission; no saving could be made, and the 
Government would be obliged to foot the bills. 

The Panama Canal work is naturally divided into— 

(1) Excavation in the dry by steam shovels, including 
all of the Culebra division and part of the Chagres 
division. The construction of drainage and diversion 
channels would come under this heading. 

(2) Excavation by dredges on the Colon and La Boca 
divisions and on part of the Chagres division. 

(3) The construction of the dams. 
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(4) The construction of the new Panama Railroad. 

(5) The construction of the terminal facilities, har- 
bor basins, and breakwaters, if any. 

(6) The construction of locks, gates, and spillways. 

The excavation of the Culebra division has already 
been undertaken by hired labor; practically all of the 
plant required for this work has been secured and paid 
for; a complete and thoroughly efficient organization 
for the same has been built up, and the Government is 
not hampered in any way in procuring the necessary 
labor for filling vacancies that arise. In the organiza- 
tion that has been perfected the higher grade men were 
formerly employed by contracting firms, and some of 
the number have been successful contractors themselves. 
The conduct of this work, therefore, has been along the 
lines usually followed by contractors. Under the cir- 
cumstances no advantage would accrue to the United 
States by letting this piece of work to contractors, but 
on the contrary there would be not only additional ex- 
pense, but a feeling of unrest and dissatisfaction en- 
gendered among the present employees materially affect- 
ing efficiency. Under existing conditions, therefore, 
contract work can not be recommended for the Culebra 
division. 

The Government has on hand, or under contract, all 
the dredges that will be needed for excavating such 
parts of the canal prism as can be most economically 
performed by this class of machinery. Experience in 
the United States has demonstrated that with such a 
plant in its possession no contractor or association of 
contractors can do the work as economically as can 
the Government. The Government agents are as familiar 
with this class of work as the contractors, and the 


tirely, from material excavated from the canal prism, 
the embankments forming dumps for the material trains. 
Steps have already been taken for the development of 
dumps which will result in the construction of a part 
of the new roadbed at Miraflores, Pedro Miguel, Gam- 
boa and Gatun, and plans have been prepared and pro- 
posals invited for a bridge across the Chagres at Gam- 
boa. With excavation in the Culebra division to be 
done by hired labor under Government supervision, with 
the material therefrom to be used in the construction of 
the Panama Railroad, the intimate relation between the 
two necessitates the adoption of the same method of 
construction, namely, hired labor under Government su- 
pervision, in the construction of the new Panama Rail- 
road. 

The regulating works and spillways of the Gatun and 
La Boca dams are so dependent upon and intimately 
connected with the construction of the dams that which- 
ever method is adopted for the latter must be made 
applicable to the regulating works and spillways, in 
order to avoid friction and difficulties that would re- 
sult in case part were done by the Government and 
part by a contractor. 

The Panama Railroad must be maintained and oper- 
ated as a commercial line, and it must be utilized also 
for construction purposes in connection with the Culebra 
cut, the reconstruction of the railroad, the construction 
of the dams, and in addition it must transport all ma- 
terials entering into the construction of the Pedro Miguel 
locks. 

The difficulties that would result from a joint use of 
the Panama Railroad by a contractor and the Govern- 
ment at the Pedro Miguel locks disappear, however, for 


work on the Chagres division or the termin 
harbor basins, and breakwaters, as the sur 
development of the amount of work and 
material involved in the Chagres division | 
been completed, nor have the final plans ¢ 
facilities, etc., been finished. 

No account has been taken of the questio:. 
tion, one very important to the successful 
and completion of work on the canal. Prop: 
can be maintained more easily and satisfa: 
the Government in supreme control of the 
with a contractor, and this adds an additiona 
in favor of the Government doing the work 

The relative advantages of the contract sy. 
hired labor under Government supervision i 
struction of the Panama Canal are very diff: 
from what they were two years ago, and we 
then from what they were when the work 
undertaken. To one familiar with conditio: 
Isthmus there can be no doubt at this stav 
work as to the advisabilify of continuing it 
labor. 

It is estimated that 80% of the entire plo 
for the construction of the canal has been 
or contracted for. Machine shops have bee 
and equipped for making all needed repairs to 
chinery now on hand or still required for ¢ 
So far, therefore, as the plant and its care o 
are concerned, the Government is better eq. 
carry on the work as advantageously and eco 
as any contractor. 

Many thousand employees have been secured 
effective working organization has been perfe:: 


STEAM SHOVELS WORKING ON PARALLEL BENCHES ON EAST SIDE OF 


CULEBRA CUT, JUST SOUTH OF GOLD HILL. 


necessary dredge crews can be obtained without diffi- 
culty. So far, therefore, as dredging is concerned, the 
Government should do the work and contracts for the 
same can not be recommended. 

The great problem in the construction of that portion 
of the canal included in the Culebra division is the dis- 
posal of the excavated material. In the main this has 
been disposed of at various localities favorably situated 
with regard to the cut. The systematic performance of 
the work and the necessity for additional material in 
completing other parts of the work have made it neces- 
sary to arrange for such a disposition in the future as 
will be most beneficial to the work in its entirety. The 
efficiency of the dams depends upon their having suffi- 
cient weight and tightness to impound the water with- 
out leakage and without danger to the stability of the 
structures. The weighty material, or rock, is to be 
furnished in each instance by material from the Culebra 
cut and the tightness is to be secured by the selection 
of suitable material to be obtained from the products 
of dredging. In other words the construction of the 
dams is so intimately connected, both with the excava- 
tion of the Culebra cut and the dredging, that if these 
two can be most economically and advantageously done 
by the Government rather than by contract it naturally 
follows that the method adopted for the construction of 
the dams must be the same, namely, by hired labor un- 
der Government supervision and not by contract. 

The survey of relocation for the Panama Railroad has 
been completed and it has been necessary to undertake 
the construction of the railroad in order to permit the 
removal of the present bed in the vicinity of Gatun, so 
that the construction of the dam at that point may be 
begun. The construction of the new line requires, 
among other things, about 1,600,000 cu. yds. of exca- 
vation and about 12,000,000 cu. yds. of embankment. 
The excess of embankment over excavation, about 10,- 
000,000 cu. yds., is to be supplied largely, if not en- 


the locks at Gatun and La Boca, since both are acces- 
sible by water. Sand can be procured along the shores 
of the Pacific, and a suitable quality in sufficient quan- 
tity can also be obtained on the Atlantic shore of the 
Isthmus. 

The success of the lock construction depends largely 
upon the quality of cement used, and there is no ques- 
tion that the Government should furnish all the cement. 
No contractor, or association of contractors, possesses 
the necessary plant for handling the enormous quanti- 
ties of concrete required for these structures. Subse- 
quent to the construction of the locks the contractor 
could have no further use for the machinery installed, 
even if the payment of freight for its return to the 
States were warranted. If the contractor furnishes the 
plant, the Government must pay for it in its entirety 
and in addition pay interest on the amount expended for 
its purchase. This plant can be procured more cheaply 
by the Government than by a contractor. As previously 
explained, if the Government furnishes the plant, the 
advantage of the contract method disappears. The con- 
tractor will have greater difficulty in securing the com- 
mon labor needed than will the United States. The en- 
gineering force of the Government that has in the past 
few years been employed in the construction of such 
large quantities of concrete in various forms in the 
United States can be drawn upon to furnish the skilled 
personnel necessary for concrete work here. The ac- 
quaintance with competent men, for this class of work, 
is more extended on the part of the Government than 
on the part of the contractor. 

These considerations lead to the conclusion that the 
locks can be more economically and advantageously 
constructed by the Government than by a contractor or 
association of contractors. 

The gates and operating machinery can, it is believed, 
best be constructed by contract at the proper time. 

The foregoing conclusions do not cover the proposed 


SPREADING MATERIAL ON THE COROZAL DUMP. 


eded 


the recruiting system put in operation is capable of 


furnishing more labor than can be advantageously used 
The employees are well sheltered and, in general, wel! 
fed; the salaries paid are satisfactory and the work | 


progressing smoothly. A change from these [ 


conditions in the method of prosecuting the work 
disorganize all existing conditions and would u: 
edly increase the estimated cost and time of co 


the canal. 

The conclusion that the work can be done 
cheaper, and more quickly by the Government |! 
reached only after free and full discussion by | 
ous members of the Commission and the higher 
connected with the construction work, and afi: 
consideration of all sides of the proposition. 

LABOR, QUARTERS, AND SUBSISTEN: 

This department is charged with securing 
and unskilled labor and its assignment, accord: 
needs of the work. It is the custodian of all |i 
ters, allotting them to employees according to (! 
ing as gaged by salary earned and in confor 
rules and regulations approved by the Commiss 

It supplies furniture to quarters, delivers dis''' 
to residences, offices, and shops, and is in dir 
of the delivery of all food supplies, including 
and cold-storage articles from railroad statio: 
commissaries to residences, hotels, messes an‘ 

It polices the grounds around camps and 
cleaning up waste and refuse material which 
within reach of those charged with its final dis 
also has charge of the lighting of the camps © 
to and through them. 

It operates the hotels, messes, and kitchens 
commodation of the employees of the differ: 
the hotels for white Americans, the messes for 
and the kitchens for, the natives of the We 

It keeps the service history of each ind 
ployee in the general personne] record of wh 
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cus issues by of upon the basis of contributing messes as far as Collections 

orders pertaining eaves 0 sence, sic possible. 

gnations, discharges, promotions, and reduc- SANITATION. 

tion .jso authorizes the issuance of steamship trans- § The work of sanitation was carried on throughout the Labor furnished and material 

and special rates to which employees are year, increasing in amount and extent as new engineer- 

ing construction was undertaken. Its success depends 

I 2, SUPPLY.—The skilled labor force is recruited upon the ability to protect employees against the malarial other allied interests...... 1,950,952.28 

- ited States, Agents of the Commission receive mosquito, and this is accomplished by draining and clear- . Se bills at ie 2812.71 - 

apr ns for all outside positions, personally examin- ing the ground in the neighborhood of villages, in addi- 

ing ndividual and looking into his previous service tion to proper quartering.’ The following, in brief, is the Total miscellaneous..... $6.4 422,906.41 41 

ae rhis includes trainmen, steam-shovel operators, work done in the Zone along these lines: Brush cut, Less: 

core nd mechanics. Clerks, stenographers, drafts- 16,000,000 square yards; swamp lands filled and drained, 

me ors, and nurses are secured through the civil 1,000,000 square yards; grass burned, 30,000,000 square companies for 

eer gisters. The skilled force on June 30, 1906, yards; ditches dug, 217,000 linear feet; tile ditches laid, claims allowed 
‘on .ximately 2,500, and on June 30, 1907, actually 50,000 feet, and cemented, 50,000 linear feet. Other me = paid on $505,375.18 
4,40 increase this force 1,904 men and provide for functions were performed in addition, such as the disposal kine. * ‘unpaid mr 

the separations, due to sickness, resignations, etc., of night soil, the removal of garbage, and the care of on pay rolls.... 1,431,746.21 
3.938 en were brought from the United States during cemeteries. $1200 og 
the Too much credit cannot be given the department for the Dries tenth 

Tl skilled force is brought from the West Indies elimination of yellow fever, which permits the success- $141,327.07 

and rope. Recruiting agents are located in Barbados ful prosecution of the work. There was no yellow fever Total amount of 
and rtinique, and a representative in Paris, France, originating on the Isthmus during the year, though one pd I, pd A tO 
to key in touch with European labor conditions and with case was brought in from shipping, the patient having rendered and in- 

Buropean emigration. On June 30, 1906, there were on passed the period of infection. cluded in ex- 
the «anal work 500 Buropeans and 13,625 West Indians. About 3,000 persons who had been exposed to yellow oe 
June “), 1907, there were 4,317 Europeans and 14,606 West fever or smallpox were held in quarantine for observation. be deposited in 
Indians. To maintain this force of laborers, and also The largest subdivision of the department has to do United States 
provide the Panama Railroad force of about 5,000 labor- with the care of the sick, requiring for its maintenance ae so. 
ers, 6.899 Europeans and 10,947 West Indians were more than half of the sums appropriated for sanitation. GUS ccasese 2,873,146.63 
brought to the Isthmus—an average of nearly 1,500 men Medical attendance and medicines, both in the hospitals Value of French 
per month—to meet the demands of the work for com- and in quarters, are furnished gratis to employees of the gy yen ae 
mon labor during the year. Commission and of the Panama Railroad. To the families sold to individ- 

The total force of skilled and unskilled laborers of the of employees a charge is made for treatment. uals and com- 
Isthmian Canal Commission and Panama Railroad on The average daily force of skilled and unskilled laborers been’ credited 
June 20, 1906, was 19,600, and on June 30, 1907, it was of the Commission and Panama Railroad was, at the to purchas 
°9.446—an inerease in the total of 10,000 men. During beginning of the year, 19,600 and at its close 29,446. The price of canal.. 648,511.65 61 
this period 20,884 men were brought to the Isthmus from average daily sick in quarters and in hospitals for the TT ney 458, 770.6 3 
the United States, Europe, and the West Indies. The year was 916. Net miscellaneous ..........sseeeeeee $964,126.74 
labor problem is still an unsolved one, but the experi- PANAMA RAILROAD. ait $48, 285,110.37 
ments of the past year with a diversity of races and The progress reported as being made during the previous ER ped July 1, 1907... .222522252°81,828,458.21 
nationalities has improved the efficiency of the force and fiscal year was continued during the past year. The re- 
promises to make the term of service longer. Tropical building of the old line is completed and the building of We AS ie ddcca ceelondécsesetccweren $79,608,568.58 


labor is migratory, and notwithstanding superior wages, 
housing, and subsistence, there will always be large peri- 
odical changes in the individual force. A regular re- 
cruiting organization, changed from one labor center to 
another, will always be necessary to keep a maximum 
force available. 

QUARTERS.—At the close of the last fiscal year 1,129 
houses were available for quartering employees of all 
furnishing buildings for offices, hotels, messes, 
kitchens, and storerooms. On June 30, 1907, 2,208 
buildings were in use for the same purposes. Considering 
the large increase in the skilled force and the number of 
women and children provided for during the past year, 
the number of people from the United States in quarters 
now, as compared with the close of the last fiscal year, is 
just about doubled, but they are all better and more 
comfortably housed than at this period last year. The 
congestion in the quarters of the common laborers has 
entirely disappeared, due to two causes, first, the com- 
pletion of a great many houses during the past year, and, 
second, the fact that with improvement in efficiency it is 
not necessary to house as large a number of men as 
formerly. 

SUBSISTENCE.—At the close of the fiscal year 15 
hotels were operated for white Americans, where good 
wholesome meals are furnished for 30 cents each. These 
hotels are under the direction of stewards from the 
United States, and the cooks are generally Americans or 
men who have had experience in hotels and restaurants 
in the United States. 

The Hotel Tivoli, at Ancon, is operated also for em- 
ployees, but on account of superior accommodations and 
appointments higher rates prevail. 

Eighteen mess halls are operated for the Europeans 
where a day’s board is furnished for 40 cents. The stew- 
anis and cooks at these messes are usually Europeans, 
and a meal peculiar to the tastes of the men boarding 
there is served. 

There are in operation 23 kitchens for the West Indian 
’, where a day’s board is furnished for 30 cents 
made up of such food supplies as they are most 
‘omed to and prepared by cooks of their own coun- 
“he common laborer of the West Indies is employed 
basis of subsistence being part of his compensa. 
‘his was found advisable on account of his careless 

and the fact that insufficient nourishment impaired 
efulness as a laborer, and sooner or later landed 
h the hospital. 
© hotels, messes, and kitchens are inspected daily 
supervising employees of the department of labor, 

and subsistence, and weekly by the district 

All meats, vegetables, and food supplies are 
y inspected before they are used. 

: nema of meals served during the month of June, 
> a8 follows: Hotels, 197,419; messes, 286,155; 
456,765, or nearly a million meals for the 


classes, 


pa in. 


" _ Subsistence operations are merely self-sustaining, 
‘s not the purpose to make a profit. They are 


the new double-track, with the exception of four miles 
from Gatun to Lion Hill, 90% of which is finished, is 
complete. Additional sidings and storage tracks, made 
necessary by the enormously increased business due to 
Commission dirt trains, were built. A block system of 
dispatching trains was put into use on the double track, 
affording the freest possible movement of trains con- 
sistent with safety. 

The amount of traffic has been so heavy that the 70-Ib. 
rails are proving too light and steps have been taken to 
increase them to 90 Ibs., especially on the curves. 

RECREATION FOR EMPLOYEBS. 

The four club houses, reported as under construction 
during the previous fiscal year at “Culebra, Empire, 
Gorgona, and Cristobal, were completed and are now in 
operation, their management being placed under the 
Young Men’s Christian Association. The club houses are 
under the control of an advisory. board selected by the 
Commission. The influences of the club houses are ex- 
cellent. 

During the year a chapel was constructed at Ancon, 
and three buildings, one at each of the following places— 
Culebra, Gorgona, and Cristobal, appropriate for holding 
religious services and available for all denominations 
and creeds. The latter buildings are two-story struc- 
tures, the upper floors of which are fitted as lodge rooms 
for various orders and societies formed among the em- 
ployees. Another building of this type is in course of 
erection at Gatun. 


MONEY STATEMENT. 


APPROPRIATIONS.’ 
Total available appropriations to June 30, 

Total appropriation 25,456,415. 
Total appropriation year 1908.......... 367. 

Total appropriations ................ $79,608,568.58 
EXPENDITURES. 
Construction of canal........ $29,782,682.60 
Panama water-works, sewers 
Colon hg works, sewers 
Panama Railroad advances... 1,826,683.50 
Total construction and engineering. ..$39,452,498.82 


Government of the Canal Zone $1,431,151.71 


388,101.40 
Zone highways ............. 499,023.70 
Total civil government.............. 2,318,276.81 
Sanitation and hospitals...... $4,799,642.04 
Loans to Panama Railroad.... $1,631,257.34 
Purchase of Panama Railroad 
Purchase Santa Rosa and 
Tivoli Hill properties...... 56,882.96 
Balance due by laborers for 
their transportation......... 210,694.15 
Bills rendered against Pan- 
ama Railroad and others but 


The foregoing tabulated statement of appropriations 
and expenditures shows that $79,608,568.58 have been 
appropriated for the construction of the canal between 
the Atlantic and the Pacific oceans, and that of this 
amount, at the close of the fiscal year, a total of $48, 285,- 
110.37 was expended. The project adopted by Congress 
was estimated by the Board of Consulting Engineers to 
cost “$139, 705,200, exclusive of sanitation and expenses 
of the Zone government; the estimates submitted did not 
contemplate or provide for water-works, sewers, and 
paving in Panama and Colon, made necessary to secure 
improved health conditions, nor is any provision made 
for the re-equipment of the Panama Railroad. 

GEO. W. GOETHALS, 
Lieutenant-Colonel, Corps of Engineers, U. S. Army, 
Chairman and Chief Engineer. 


APPENDIX A. 


REPORT OF MAJ. D. D. GAILLARD, CORPS OF EN- 
GINEERS, U. S. ARMY, MEMBER OF ISTHMIAN 
CANAL COMMISSION, IN CHARGE OF THE DE- 
PARTMENT OF EXCAVATION AND DREDGING. 

Culebra, Canal Zone, August 21, 1907. 

Sir: I have the honor to submit the following report 
of operations for this department for the fiscal year: 

The total amount of material excavated in the Culebra 
division for the fiscal years ending June 30, 1904, 1905, 
1906, and 1907 is given in Table I. 

Previous -to Jan. 1, 1907, much of the work done by 
steam shovels was of a preparatory nature and conse- 
quently the output was necessarily less than when the 
shovels had been established on a regular working basis. 
Moreover, the average number of steam shovels work- 
ing during the first half of the fiscal year was only about 
20, while for the last half of the fiscal year the average 
number was a little over 38. 

It will be seen from Table II.that the maximum montbly 
amount of material excavated in the Culebra division dur- 
ing the fiscal year was 879,527 cu. yds., which was re- 
moved in April, 1907. This amount exceeds by 75% the 
maximum monthly excavation, as given in available 
records, made by the French in the Culebra division, 
their highest monthly total in the Culebra division being 
502,250 cu. yds. in February, 1886. 

With the exception of a very smell proportion of ma- 
terial removed by hand from the quarry in the canal 
prism at Bas Obispo, all material is handled by steam 
shovels and dirt trains, and is carried to dumps situated 
at distances varying from 1 mile to 15 miles, the average 
haul at present being about 10 miles. This haul will 
increase in length, owing to the necessity of using ma- 
terial from the cut in the construction of the dama. 

BLASTING.—The total amount of material actually 
mined during the fiscal year was 3,291,856 cu. yds. 

The compressed-air plant was put in operation during 
the month of January, and all drills are now being 
run by compressed air. During the fiscal year 29 well, or 
mechanical churn, drills, were in operation, and 139 air 
drills. 
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The number of linear feet of holes drilled during the 
fiscal year were as follows: 


Lin. ft. Miles. 

Steam and air drilling...........sse0. - 442,839 or 83.9 
Well, or mechanical churn drilling. ecoe 167,062 31.6 


The quantities of explosives used during the year 
amounted to: 
Pounds. 


STEAM SHOVELS.—At the beginning of the fiscal year 
89 steam shovels had been received, but a large number 
of them had not been put to work. Up to the end of the 
fiscal year, 63 steam shovels had been delivered, erected, 
amd accepted. These shovels are of three sizes, 45-ton, 
70-ton, and 95-ton, with dipper capacity of 1%, 2%, and 
5 cu. yds., respectively. 

The daily average number of shovels at work during 
the fiscal year ending June 30, 1906, was 9.17, and for 
the fiscal year ending June 30, 1907, 29.03. 

The number of cubic yards excavated per hour, while 
under steam, by shovels not engaged in preparatory work, 
averaged 68 for the fiscal year ending June 30, 1906, and 
86 for the year ending June 30, 1907. 

The largest output during the fiscal year was made by 
steam shovel No, 218, a 95-ton shovel, which in 260 exca- 
vator days tooks out 211,055 cu. yds. of rock and 42,967 
cu. yds. of earth, a total of 254,022 cu. yds. for the year. 

Table III. shows the performance of steam shovels in the 
Culebra division for the fiscal year ending June 30, 
1907. It must be remembered that this performance is 
based upon a working day of but eight hours, whereas 
contractors in the United States usually work their steam 
shovels about ten hours per day. 

TRANSPORTATION.—The plant in operation under the 
transportation department on June 30, 1907, was as 
follows: 


12-74, Woeaterm GAPE. . 267 
20-yd. Western Gump 

6-yd. old French dump 198 


In addition the track and dump department had in 
operation three track throwing machines. 

At the beginning of the fiscal year there were 65.8 miles 
of track in operation, of which 28.1 miles were laid with 
old Panama Railroad and Belgian rails. At the close of 
the fiscal year there were 106.78 miles of track in oper- 
ation in the Culebra division, which is practically all 
of 70-Ib. American steel. 

LABOR.—The labor situation during the year has been 
very satisfactory, and at the present time no special dif- 
ficulty is experienced in securing all the men needed in 
the various departments of the work. Better foremen are 
now being secured than in the past, and with more effi- 
cient foremen, the laborers themselves will necessarily 
prove more efficient. 

On the Culebra division there are Spaniards, Italians, 
West Indian negroes, and a few negroes from the United 
States. 

Spaniards and Italians are usually paid 40 cts. per hour 
silver, and West Indian negroes, when not furnished with 
meals, 20 cts. per hour silver. The prices just mentioned 
are for ordinary laborers. Firemen, drill runners, etc., 
receive higher wages. 

The daily average number of laborers employed on the 
work during the fiscal year was 4,684. The daily average 
number in all departments during the previous fiscal year 
was 2,034. 

During the year the wages of the gold employees of the 
Culebra division have been increased 8% on an average. 
This increase is almost wholly due to the continued pros- 
perity in the United States, which necessitated an in- 
crease in wages in order to hold suitable men on the 
Isthmus, 

COST.—Considering the total output in the Culebra divi- 
sion for the fiscal year, the average cost of the various 
items of expense have been as follows: 


Arbitrary, to cover cost of plant............... $0.1200 
Excavation by steam -1081 
.1548 


In the table of costs just given the total cost of blasting 
has been distributed among the total number of cubic 
y yards of excayv ation, but to get the real cost it should be 


*This does not include the material used in the repair 
of locomotives, steam shovels, and cars, nor does it in- 
clude the cost of operating the air compressor nor the 
proportionate cost of administration and general expenses 
of the mechanical department, which makes repairs on 
plant for the Culebra division. These items have never 


heretofore been included in the cost of excavation in the 15. 
Culebra division, but as they comprise a fair charge }**...... 


against this work, they will be included in the cost of 
work for the fiscal year ending June 30, 1908. 


yds.| Cu. 
111,517 | 139, 78 48, 27: 
£8,839 | 190.9 244,823 53, 39 
106,224 | 185,298 | 291.452) 106. 204 
109.903 | 217,106 | 327,009) 109, 903 
72,618 149, 024 221,642 72.618 
109,158 | 169,488 278,646 | 109, 158 
January 246,653 | 295,182] 889,835) 267,458 
293,461 | 315.008 | 608,499 316. 451 
March 397.651 | 372.042} 709.693 | 434, 
pri 352, 621 614 | 344 
May 444 2,544) 208,756 
jane 213,355 21 624,586 | 213,356 


TABLE V.—CHARGES TO COVER COST OF PLANT. 


Charges per cu 

Item. U. 8. gold 
Cc. _ yr 0250 
D. New appliances .0100 
E. Track material........... .0175 
G. Miscellaneous equipment................ .0025 


yd. 


Remarks. 
Includes cost of new shovels set up ready for 
Includes cost of new cars. 
Includes cost of new engines and rebuilding h 
engines. 
Includes cost of new ty nig such as unload 
spreaders, and unloaders. 
Includes cost of new track material. 
Includes cost of new structures, such as eo:' 
round-houses, powder magazines, yard office: 
Includes cost of new steam and well drills, 
pile drivers, and other new appliances con 
working plant. 
Includes miscellaneous expenditures covering i» 
in plant, 


x 


applied only to the material actually mined, 3,291,856 cu. 
yds., making the cost for blasting $0.2557 per cu. yd. 
In other words, other things being equal, the removal of 
rock, due to blasting alone, costs $0.2557 more than that 
of earth. 

The item in the table entitled ‘‘Arbitrary, to cover 
cost of plant,”’ is a fixed charge added to the cost of ex- 
cavation with the idea that this fixed charge added to 
every cubic yard of material excavated will, by the time 
the canal is completed, total a sum which will be equiva- 
lent to the original cost of the plant, repairs for the 
plant being included in the cost of operation. 

The different items which go to make up this arbitrary 
charge of 12 cts. are given in Table V. 

Up to Jan. 1, 1907, the arbitrary charge to cover cost 
of plant had been 6 cts. per cu. yd. of material exca- 
vated, but it was believed that this would be insufficient, 
and a value of 12 ets. per cu. yd. was adopted; but it is 
quite possible that this may have to be increased in the 
future. 

The following changes were made in the organization of 
the Culebra division during the fiscal year: 


July at K. Jones, appointed superintendent of trans- 
portation. 
July 16, Ke Little, appointed superintendent of exca- 


vatio 
July 16, W. Bolich, division engineer. 


TABLE I.—AMOUNT OF MATERIAL EXCAVATED IN 
THB CULEBRA DIVISION SINCE THE UNITED 
SaNT), ASSUMED CONTROL (PLACE MEASURE- 


Prem tal excavation including canal prism 


Earth | Rock. Total. Earth. | Rock. |Notelas| potal, 


| Cu ate | Cu. yde. | Cu. yds. | Cuyds | Cu 


741, 644 323, 404 | 183,965] 741,648 
1906 702, 235 | 760.327 742.25 |..........| 1,506, 
907 2, | 288 2, 413, 358 | 8,325,613 | "29,043 | 5, 768, O14 


TABLE II.—AMOUNT OF MATERIAL EXCAVATED 
MONTHLY IN THE CULEBRA DIVISION DURING 
THE FISCAL YEAR ENDING JUNE 30, 1907 
MEASUREMENT). 

Total excavation, including canal prism 
and accessory works. 


Earth. Rock. Total, N ot clas 
Earth. | Rock. | Total. 


“From canal prism. 


624 
2,288, 199 | | 3,325,613 | 


TABLE III.—PERFORMANCE OF STEAM SHOVELS, 
CULEBRA DIVISION, FISCAL YEAR ENDING 
JUNE 30, mm. 


per shov vel. 


_ at— 
Month work- hour! 
ing days.| Per day under Empire. | Culebra 
| steam 

Cu. yds. Cu. yds. | Cu. | Cu yds. | Inches. | Inches. 
- | aa i“ 1461 
6365 14,461 73 122.97 
565 j 15, 664 7 7.41 62 
2 «14,373 m2 3.97 8.46 
ow 10,833 21.0 wi 
m 12, 267 816 
“qe 18,288 % 170 08 0 
23 674 1h, 162 
21, 674 190 62 245 
6, w wr 12.68 


TABLE IV.—EXCAVATION BY DREDGES, COLON 
DREDGING DIVISION, SINCE THE UNITED 
— ASSUMED CONTROL (PLACE MEASURE- 

). 


Year ending June 


4 17,000 | 1,996,464 | 127,102) 2,063,566) 2,960. S66 


July 26, L. K. Rourke, appointed superintend racks 
and dum 

August 31, Dose, resigned resident engin: 

October 23, A. 4 Zinn, appointed resident engi: 

December 1, D. W. Bolich, appointed division « er, 

In comparing the cost of work upon the Isth with 
that of similar work in the United States, cert. yndi- 
tions existing in the former locality must be : into 
consideration. The wages paid for skilled lab: the 
Isthmus are, on an average, from 40 to 70% his than 
the same class of laborers receive in the Unit: | ites. 
Their working day here is but eight hours i» gth, 
while on private enterprises in the United S&S: the 
working day is usually ten hours. 

In the greater portion of the eastern and sou!) istern 
part of the United States the price of soft coal J °s not 
exceed from $3 to $3.50 per ton. The coal use! on the 
Culebra division during the fiscal year ending June 30, 
1907, cost $6.48 per ton. Could this coal have been pur- 
chased for $3.25 per ton it would have reduced the cost 


of all excavation in the Culebra division for the fiscal 
year by 4% cts. per cu. yd. 

Owing to the long distance from the source of supply, 
machinery and material of all classes are more expensive 
than in the United States. 

In addition to these disadvantages, the climate is not 
one conducive to great physical and mental activity, and 
the rainfall is so heavy—averaging about 95 ins. per 
annum for the Culebra division—that it interferes consid- 
erably with the rapid prosecution of work. This can 
readily be appreciated when it is remembered that the 
greater part of this rainfall occurs during the eight 
months comprising the rainy season. 

COLON DREDGING DIVISION. 

The Colon dredging division extends from the locks 
at Gatun to deep water of the Caribbean. The estimated 
amount of material to be removed from this division is 
nearly 21,000,000 cu. yds., of which about 3,700,000 cu. 
yds. consist of rock, and the rest of earth and mud. It 
is expected that all of this material will be removed by 
dredging, except about 700,000 cu. yds. in the vicinity of 
the Mindi hills, which will be removed by steam shovel. 

DREDGING PLANT.—The dredging fleet now consists 
of one old French ladder dredge, one 5-yd. dipper dredge, 
and one 16-in. suction dredge. The dipper dredge is fitted 
with a 5-yd. dipper for soft material, and a 3'4-yd. dip- 
per for rock, and is capable of dredging to 42 ft. The 
hull is of steel, 110 ft. long, 38 ft. wide, and 10 ft. deep. 
This dredge cost $102,500. There is under contract with 
the Featherstone Foundry & Machine Co. a dipper dredge 
similar to that just described, which is to cost $100,000 
delivered at Colon. This dredge should reach the latter 
place soon after the end of the fiscal year. 

A contract has been made with the Maryland Stee! Co., 
of Sparrows Point, Md., for two seagoing suction dredges 
—the ‘“‘Ancon” and “Culebra’’—similar to the Manhat- 
tan’’ and ‘‘Atlantic,”’ now operating in New York llarbor. 
Each of these boats has a length of about 288 ft., molded 
beam 471% ft., molded depth of 25 ft., and is propelled by 
twin screws. They are each equipped with two in. 
pumps, capable of digging to a depth of 40 ft. Their 
hoppers have a nominal capacity of about 2,000 cu. yds. 
The dredges are to be delivered at Sparrows Point, Md. 
at a cost for the two of $72,850, without equipmen' “Their 
hulls have both been launched, and the “Ancon” ‘5 €x 
pected to arrive at Colon early in August. The ‘Cule- 
bra” will probably not be finished before the latt«r part 
of September, and will then commence her long ‘rip t 
Panama by way of Cape Horn, but will probably ot ar 
rive at Panama before January, 1908. 

The total amount of material excavated by 4: edging. 
both in the canal prism and in accessory work» in the 
Colon dredging division, is given in Table IV. 

LA BOCA DREDGING DIVISION. 
The La Boca dredging division extends from locks 


at Pedro Miguel to deep water of the Pacific ‘ n, but 
does not include the site of the locks at Sosa 

The estimated amount of material to be ren 1 from 
this division, at the close of the fiscal year, ~ * little 
over 15,000,000 cu. yds., of which about 765,00) 
consist of rock and the rest of earth and mud. | !s & 


pected that all of this material will be remove! ©) dreds- 
ing, rock being blasted and then removed »: dipper 
dredge. 4 

The old French ladder dredge (A2) spent 5° - bours 
during the fiscal year in actual dredging; 501 415 U 
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der epairs due to breakdowns; 966 hours in placing each particular branch, and the general results’ testing facilities might remove. This brought out 
pla anging crews, and other delays chargeable to about to be published. These papers are given by a discussion of internal explosions in the ingot 
are operations; 168 hours’ delay were caused by the persons in charge of the particular branches and consequent formation of pockets. 
pa nips, storms, and delays not chargeable to oper-.  4n4 are followed by questions and comments from There was some discussion as to the need and 
at! 4 1,293 hours were = gs pe egg members of the board. the probable cost of a 10,000,000-lb. testing ma- 
A Concerning the work on structural timbers pre- chine for tests of large structural members of 
- ar, and the total cost of repairs, supplies, and  Sented this year, it appears that the properties of metal. The administration of both the Water- 
way of crews amounted to $125,463, making the cost all kinds of tree timbers have been studied or town Arsenal testing laboratory and the Geolo- 
per : yard of material removed for operation of determined, for very large sizes such as 12x 12 gical Survey testing laborators, asked the Ad- 
ie about 10% ets. ins. and over. Work has not been undertaken on visory Board to consider and assume the re- 
Tho cost of dredging in this locality would be much small joist sizes. In the future, complete studies sponsibility of determining the necessity of such 
cheop:* were it not for the high price of coal—which are planned on preservative-treated timbers, rail- a machine, recommending as to the branch under 
ca 7.50 a ton delivered on board the dredges. The Woy tie materials and built-up beams. It was whose administration it should be placed and the 
gala paid the crews are also higher than are those 


paid for similar work in the United States. When these 
facts ond the great tidal range are taken into account 
the ‘cures given do not appear excessive. 


MEETING OF THE NATIONAL ADVISORY BOARD ON 
FUELS AND STRUCTURAL MATERIALS. 


The annual meeting of the National Advisory 
Board was held at the Jamestown Exposition, 
Norfolk, Va., Oct. 25 and 26. This body includes 
an unusually large number of prominent techni- 
cal men, as will be noted from the group pic- 
ture accompanying this article. The organiza- 


recommended that new safety factors should be 
determined for various kinds of loading and study 
commenced on the behavior of woods under vibra- 
tory and intermittent loads, both distributed and 
concentrated in application. 

In the discussions on reforestation it appeared 
that the scheme of providing by law certain tax 
rebates to farmers and land owners who planted 
trees systematically had proven useless in most 
places. In was also shown that in most lumber- 
ing localities of the country the taxes on land 
where lumbering is in progress, are such that the 
lumber operators must “skin the land” and after- 


location at which it should be operated. 

Complete harmony was evident between these 
two branches, and indeed the flelds of each were 
outlined for further investigations in the im- 
mediate future. 

While it may be properly considered a digres- 
sion, it is very interesting to consider, at this 
point, the recent statement issued by Mr. William 
R. Webster, M. Am. Soc. C. E., Consulting and 
Inspecting Engineer of Philadelphia, and Prof. 
Edward Marburg, M. Am. Soc. C. E., of the Uni- 
versity of Pennsylvania, concerning the pro- 
posed investigation of steel and structural mem- 
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SOME OF THE MEMBERS OF THE ADVISORY BOARD AT THE JAMESTOWN EXPOSITION MEETING. 
(Above are given the surnames of individuals in the group, arranged in the same ——. ; tion as the heads in the photograph. The full names are given in the 


tion of an advisory committee on testing of fuels 
and structural materials antedates the establish- 
ment of the Technologic Branch of the Geological 
Survey, as has been outlined before (Engineering 
News, Aug. 31, 1905, and Oct. 17, 1907). The 
members of this board serve without compensa- 
“ion and advise from their private experience or 
from the practice of concerns with whom they 
‘nay be connected. Largely on this account, while 
‘he sessions are not exactly executive the pro- 
‘cedings are never published and the benefit to 
“® public is reflected in the work of the Tech- 
ogic branch, as that work may be benefited by 
© criticism and advice of the board. General 
‘atements concerning the sessions are allowed 
‘1 on good authority we are able to present the 

lowing: 
~TRUCTURAL MATERIALS.—In the consider- 
on of work upon structural materials the key- 
‘e of all the discussions was “the necessity of 
atly increased testing facilities.” The general 
“thod of procedure at these sessions consists of 
‘bresentation of the work done, the methods 
' lowed since the last session of the board, in 


article on p. & 


ward allow it to revert to the state in order that 
they may work at any profit. 

The need for further testing was detailed as it 
appeared to the heads of the various govern- 
ment departments. In the Reclamation Service it 
was stated that every branch of human activity 
was concerned but great need was felt for more 
absolute knowledge of the action of cements and 
concrete. In the Treasury Department, which 
constructs government buildings, there was shown 
some apprehension as to the real actions of struc- 
tural steel and concrete in large buildings. The 
designers of the works of the Panama Canal felt 
the same handicap and especially in the case of 
the enormous lock gates required, where, in some 
members, the stresses may be surprisingly great 
and the methods of calculation and design far 
from simple and exact. In all departments infor- 
mation was needed concerning the questions of 
impermeability, erosion, etc., of concrete struc- 
tures. 

The presence of occasional unexplained defects 
in ordnance and of “streaks” in ordnance steel 
was cited as an instance of ignorance that proper 


bers to be conducted by the Watertown Arsenal. 
By the authority of the Ordnance Department, 
Messrs. Webster and Marburg were engaged to 
cooperate in the preparation of a program of 
tests. It is proposed, according to their state- 
ment, to conduct this investigation along lines of 
the greatest practical value to users and manu- 
facturers. In these experimental studies of steel 
and steel products it is proposed to begin with 
the metal in ingot and to follow it out com- 
pletely to the finished sections and built members. 
A meeting was held in New York City recently at 
which 25 consulting engineers and representa- 
tives of leading industrial interests: were present 
for consultation with Major C. L. H. Ruggles, 
Commanding Officer of the Watertown Arsenal, 
and Mr. J. E. Howard, in charge of the Testing 
Laboratory, with a view to outlining the most 
desirable program for this investigation. The 
general opinion expressed at this meeting was 
that a study of the metallurgical questions of 
ingot structure, blooms, billets, slabs and forg- 
ings was highly desirable. A preliminary pro- 
gram was outlined for tests on structural mem- 
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bers, such as columns, riveted tension members, 
riveted splices, riveted connections in building 
construction and on the general subject of rivet- 
ing. 

It was explained that the work was not to be 
regarded in any sense as a government investi- 
gation of steel, but that it was the desire of the 
Ordnance Department to utilize the increased 
appropriation of the Testing Laboratory with a 
view, not only of benefiting the government but 
also with a view of making the results as valu- 
able as possible to all persons interested, whether 
as consulting engineers or as representatives of 
industrial interests. 

The opinion was expressed that the testing 
facilities of the country have not kept pace with 
the advances and demands of engineering con- 
struction, and that the enlargement of the fa- 
cilities at the Watertown Arsenal, by the erec- 
tion of a machine of at least 10,000,000-Ib. ca- 
pacity, was desirable. It was decided to au- 
thorize Dr. C. B. Dudley, as chairman of one 
session to appoint two committees subject to the 
approval of the Watertown authorities; one com- 
mittee on ingot structure, billets, blooms, slabs 
and forgings, and the other on tests of struc- 
tural materials. 

It should be remembered that this statement 
of Messrs. Webster and Marburg has no direct 
bearing on the work of the Advisory Board, and 
is quoted herein only because of its allied in- 
terest. 

FUELS.—Unlike former sessions of the Ad- 
visory Board, the consideration of fuels was 
comparatively subordinated to that of struc- 
tural materials, and was mainly on briquetted 
coal. Among the discussions was that concern- 
ing comparative tests made by one of the large 
railroads of the country, in conjunction with 
the members of the Geological Survey on a 
certain coal, in run of mine and briquetted forms. 
The advantages were marked in favor of the 
briquetted fuel over the natural which was very 
friable. Locomotive capacity was considerably 
increased and for medium loads the fuel cost per 
HP. substantially reduced. With the hand- 
firing of these tests, which might be above the 
average in quality, the production of smoke was 
very slight and dust in the fireman’s cab was 
very largely eliminated. It was pointed out 
that these briquettes, made with water-gas tar- 
pitch as a binder and of a smooth surface, were 
non-porous and on the grate became miniature 
gas-producers whose internal pressure caused 
scale-cinders to be thrown off and away. The 
weathering qualities of bituminous coals were 
greatly increased by briquetting. 

In regard to the use of briquetted coal in the 
navy, it was stated that if it could be demon- 
strated that they gave off no deleterious gases, 
were not bulky and held their shape they would 
be as desirable as coal, and that if there was 
greater ease in handling, less smoke in burning, 
larger steaming capacity of boilers and economy 
of fuel consumption, briquettes would be in de- 
mand on board the vessels. The cost of bri- 
quetting bituminous coals was stated to be in 
this country and abroad about $1 to $1.50 per 
ton, about 60 to 75 cts. of which represented 
binding material. In the course of the fuel dis- 
cussions it was shown that the fuel testing offi- 
cers were -experimenting on better and cheaper 
binding substances. 

On one afternoon of the sessions a test of bri- 
quetted fuel was made on the torpedo-boat 
“Biddle.”” Under one boiler was burned the bri- 
quettes and under the other, the natural coal. 
The boat was driven at a speed of 35 miles an 
hour. In the boiler used with the briquettes, 
better steaming conditions were realized than 
in the other, but with the production of more 
smoke. The latter condition was attributed to 
lack of experience on the part of the firemen in 
using briquetted fuel. 

There were present at these sessions as mem- 
bers of the Advisory Board, guests or govern- 
ment test officers: Mr. G. H. Barrus, M. Am. Soc. 
M. E., Boston, Mass., Consulting Steam Engineer; 
Mr. John A. Brashear, M. Am. Soc. M. E., Astron- 
omer, Allegheny, Pa.; Commander B. C. Bryan, 
Bureau of Steam Engineering, U. S. N.; Prof. 


Samuel Calvin, Iowa City, Iowa State Geologist; 
Capt. J. R. Cavanaugh, Engineer Corps U. 8. A.; 
Mr. F. T. Chambers, M. Am. Soc. C. E., Civil En- 
gineer, Bureau of Yards and Docks, U S. N.; Mr. 
Cc. B. Dudley, M. Am. Soc. C. E., M. Am. Soc. 
M. E., Altoona, Pa., Chief Chemist, Pennsylvania 
R. R.; Mr. E. V. d’Invilliers, M. Am. Inst. M. E., 
Philadelphia, Pa., Mining Engineer; Mr. T. L. 
Dougherty, Washington, D C., Mechanical Engi- 
neer, Treasury Department; Prof. R. E. Fernald, 
M. Am. Soc. M. E., Cleveland, O., Case Sehool of 
Applied Science and Technical Branch, U. 8S. Geo- 
logical Survey; Mr. A. W. Gibbs, Supt. Motive 
Power Pennsylvania R. R.; Mr. W. D. Gates, Chi- 
cago, Ill., Pres. American Terra Cotta and Cera- 
mic Co.; Mr. A. A. Hammerschlag, Assoc. Am. 
Inst E. E., Pittsburg, Pa., Director Carnegie 
Technical School; Mr. C. A. Hexamer, Philadel- 
phia, Pa., Past-President Nat. Fire Protection 
Assoc.; Col. Harry F. Hodges, M. Am. Soc. C. E., 
Washington, D. C., Engineer Corps U. 8S. A., Pur- 
chasing Officer Isthmian Canal Commission; - Dr. 
J. A. Holmes, Washington, D. C., Chief of the 
Technologic Branch, U. 8S. Geological Survey; 
Mr. J. E. Howard, Watertown, N. Y., in charge 
of tests, Watertown Arsenal; Mr. R. L. Hum- 
phrey, M. Am. Soc. C. E., Philadelphia, Pa., En- 
gineer on Cement and Concrete Tests, Technologic 
Branch, U. S. Geological Survey; Mr. Robt. W. 
Hunt, M. Am. Soc. C. E., Chicago, Ill.; Mr. Wm. 
Irvine, Milwaukee, Wis., President Nat. Lumber 
Manufacturers’ Assoc.; Mr. R. S. Kellogg, Wash- 
ington, D. C., Inspector U. S. Forestry Service; 
Mr. R. W. Mahon, West Albany, N. Y., represent- 
ing Supt. of Motive Power N. Y. C. & H. R. R. R.; 
Mr. Hunter McDonald, Nashville, Tenn., Chief 
Engineer Nashville, Chattanooga & St. Louis 
Ry.; Dr. Richard Moldenke, Watchung, N. J., 
Secretary Am. Foundrymen’s Association; Mr. 
BE. D. Nelson, Pennsylvania R. R.; Mr. F. H. 
Newell, Washington, D. C., Director U. S. Recla- 
mation Service; Admiral C. W. Rae, Chief of 
Bureau of Steam Engineering, U. S. N.; Mr. C. S. 
Robinson, M. Am. Soc. M. E., Youngstown, O., 
Vice-President Youngstown Sheet & Tube Co.; 
Mr. C. C. Schneider, Past President Am. Soc. C. 
E., Pittsburg, Pa.; Mr. G. O. Smith, Washington, 
D. C., Director U. S. Geological Survey; Mr. J. 
N. Taylor, Supervising Architect, Treasury De- 
partment, Washington, D. C.; Mr. I. C. White, 
Morgantown, West Virginia, State Geologist and 
Mining Engineer; Mr. H. M. Wilson, M. Am. Soc. 
Cc. E., Washington, D. C., Chief Engineer, Tech- 
nologic Branch, U. S. Geological Survey; Mr. C. 
D. Walcott, Washington, D. C., Secretary, Smith- 
sonian Institute; Mr. J. E. Woodwell, Washing- 
ton, D. C., Inspcetor Electric Plants, Treasury 
Department; Gen. Wm. Crozier, M. Am. Soc. C. 
E., Washington, D. C., Chief of Ordnance, U. S. 
A. The larger number of these persons are shown 
in the accompanying figure. j 


EMPIRICISM AND ERROR IN ARCH DESIGN. 
By CHARLES W. COMSTOCK.* 


The Board of Public Works of the City and 
County of Denver recently advertised for bids 
for the construction of a_reinforced-concrete 
arch bridge, requiring each bidder to submit his 
own plans and specifications. The plans sub- 
mitted differed so much among themselves that 
it was evident that the designers had radically 
different ideas regarding the analysis of such 
structures. A careful examination of the various 
plans together with the correspondence which 
grew out of the competition conduced to the 
opinion that there is an astonishing confusion 
of ideas in the matter of arch design and that 
there is room for further discussion of the sub- 
ject in the technical press, notwithstanding the 
large amount of space heretofore devoted to the 
matter. 

Tables of stresses resulting from stated load- 
ings, though called for, are seldom forthcoming 
in such competitions as the one above referred 
to. Instead we get lengthy statements of the 
alleged impossibility of calculating these stresses. 
Many of the bidders seem to arrive at the prin- 
cipal dimensions of their designs either by 


ca and Mining Engineer, Boston Bldg., Denver, 


empirical formulas or by comparison the 
dimensions of some apparently similar 
which has not yet fallen down and 
therefore, declared “satisfactory.” 

A mere rule for fixing dimensions is , > be 
compared with a method of analysis, o 
Structures proportioned by empirical ru). f the 
nature of those prevalent in arch de 
certainly open to question in that thei: 
of safety is entirely unknown. The writ own 
view is that none of the so-called “meti 
arch analysis are worthy the name exc: 
which are firmly founded on ‘the genera 
of elasticity. 

Perhaps the error most commonly ma. ; to 
confound the calculation of stresses with de- 
termination of load distribution on th rch, 
One correspondent writes: 


To apply the elastic method to an earth-coy: arch 
requires first that the earth filling over the a: sha\) 
to rest vertically upon the extrado the 

This is clearly absurd. The earth p> sure 
may be assumed to have any direction, jsity 
and distribution whatever, without affec: the 
manner of calculation. Any uncertainty << ty 
the actual forces to be resisted by a st’ ‘ure 
is common to all methods of calculati To 


contend that the theory of elasticity is no! ) rop- 
erly applicable to an arch is as thous) one 
should say that the ordinary beam forim:\a is 
useless when applied toa lintel spanning an \pen- 
ing in a solid wall. The same uncertainty «xists 
in both cases, but the method of determining 
stresses is not responsible for the unceri:inty 
in either case. In short, there are here coiifused 
two problems which must be carefully sepa- 
rated: First, determine as exactly as possible 
the forces to be resisted; second, determine the 
consequent stresses in the most accurate man- 
ner. 
In the same letter appears this statemen!: 
Another assumption that is always made by those who 
treat the elastic method is that the elastic arch is sup- 
ported upon inelastic abutments, and thus are derived 
the three fundamental equations of summation which 
determine the force polygon. This assumption is a 
serious error, and every such analysis results in show- 
ing tension at the inner face of the arch at the spring- 
og hag for very flat spans, which is quite contrary 
It is indisputable that the stresses in an arch 
are influenced by yielding of the abutments and 
it is, therefore, obvfous that any method which 
pretends to determine these stresses without 
regard to the condition of the abutments is 
fallacious. It is usual to assume that the abut- 
ments are unyielding because they can and 
should be made so massive and rigid that their 
motions and deformations will be infinilesimal 
as compared with the deformation of the arch 
itself. However, this assumption is not neces- 
sary and the designer can readily determine 
the effect on the arch stresses of any assumed 
motion of the abutments. The difficulty of de- 
termining how much the abutments will actually 
move’is an entirely different matter and applies 
alike to all methods of calculation. Havins con- 
structed the best abutments which the coniitions 
will permit, the designer can form an opiniin 4s 
to the greatest motion which will take place 
and then determine the maximum stresses re- 
sulting from any condition between this assumed 
motion and absolute rigidity. The arch should 
then be proportioned for these maximum 
stresses. The obligation to do this certainly 
rests on the designer of any important structure. 
It is difficult to understand on what the state 
ment that “every such analysis results in <0W- 
ing tension at the inner face of the arch ¢ the 
springing” is based. The writer has ana!)2ed 4 
considerable number of arches and has ‘ound 
that nearly always (and in the case of ve.¥ flat 
spans always) the reverse is true: the terion !s 
shown by the analysis to occur at the © rados 
at the springing. With a greater rise the | naly- 
sis may show tension at the intrados, a: | that 
this may actually occur is shown by one ‘& the 
tests made by the Austrian Society of Er neers 
and Architects. This was a concrete © °h of 
23.00 m. span and 4.60 m. rise reinforce with 
one network of Stel rods near the extra: s 2nd 
another near the intrados; the ring was ) ) ™™ 
thick at the crown and 600 mm. at the «pring 
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The structure was tested to destruction by 

a | symmetrically distributed over one-half 

. » span. The line of pressure was drawn 

. pesult of a careful analysis by the theory 

sticity and showed that tension was to be 

‘ed on the unloaded half at the intrados 

ne springing and at the extrados at the 

ich, and on the loaded half at the extrados 

ne springing and at the intrados at the 

i ch. When -tested to destruction, not only 

‘ension cracks develop at these points but 

were confined to the zones indicated by the 

ysis and did not develop elsewhere. In ad- 

. on to the reinforced arch, tests were con- 

i» .ed on an arch of rubble stone masonry, one 

vick and one of concrete not reinforced, all 

of xe same span and rise as the reinforced arch. 

T).. eracks developed in these arches by the 

tes.s all conformed to the predictions of the 

an lysis. These facts indicate to me that the 

method of the analysis used in this case is cor- 
rect and reliable. 

in Castigliano’s “Théorie de l’Equilibre des 
Systémes Elastiques’” may be found an analysis 
of a metal arch with open spandrels, the span 
being 45.00 m. and the rise 5.50 m., which shows 
very clearly a region of tension at the extrados 
at the springing. In the same book there is an 
analysis of an arch-ring constructed of cut 
granite with a backing of rubble masonry and 
earth and having the same span and rise as the 
metal arch just mentioned. This shows that the 
pressure reduces to zero at the extrados at the 
springing, the arch having been proportioned to 
ayoid tension at any point. Castigliano also 
analyzes a brick arch af 42.00 m. span and 11.90 
m. rise backed with rubble masonry and earth, 
and finds that the center of pressure at the 
springing line nearly coincides with the center 
of the ring, though there is a slight tendency to 
tension at the intrados. 

These facts do not bear out the statement that 
“every such analysis” shows tension at the in- 
trados at the springing, nor does it appear that 
in those cases where such tension is indicated, it 
is necessarily “quite contrary to fact.” 

In another letter appears the following: 

In the elastic method we first assume the tangents 
to the curve at the abutments to be fixed. This en- 
ables us to arrive at the three fundamental equations. 
Solving an arch by these three equations we find that 
the maximum moment occurs at the point where we 
have previously assumed the tafigent to be fixed. If, 
then, the concrete is elastic, the tangents will shift and 
upset all of our assumption. 

Here is an erroneous association of ideas. The 
change of direction of the tangent is not the re- 
sult of the moment at the point of tangency. In 
the case of an arch with hinged ends the change 
of direction of the tangent is greatest at the 
hinge, though the moment at that point is zero. 
A little attention to the ordinary theory of beams 
will furnish many illustrations of the same prin- 
ciple. In a beam supported at the ends and 
uniformly loaded the moment is greatest at the 
center where the tangent does not change di- 
rection at all, while it is zero at the ends where 
the change of direction is greatest. In a beam 
fixed at the ends the moments are greatest at 
‘he ends and in the middle where there is no 
change of direction of the tangents, while at the 
points of inflection where the moments are zero 
the change of direction of the tangents is a maxi- 


mum. In short, the idea contained in the above 


quotation leads at once to a reductio ad 
“osurdum in that fixation of the tangents pro- 
cuces bending moments which in their turn 
couse the tangents to move. The fundamental 
‘.cts which have been entirely overlooked by 
\r Correspondent are that the effect of a bend- 
5 moment at a particular point of a prismatic 
dy is to change the curvature at that point 
zardless of whether the tangent changes di- 
tion, and that the change of direction of the 
‘gent is the cumulative effect of all the bend- 
= Moments on one side of the point in question 
‘ich effect may be positive, negative or zero. 
't is further asserted that in the application of 
‘e theory of elasticity it is arbitrarily assumed 
‘hat the arch should be a circle or a parabola 
* other simple curve for the sole purpose of 
_ vplifying the analysis by the elastic method.” 
- ols is an entirely mistaken idea. In nearly all 


cases the form of the arch is fixed by esthetic 
considerations based on the surroundings and 
the profile of the crossing, or with regard to the 
ease of construction of the falsework. So far as 
the method of calculation is concerned it makes 
not the slightest difference what the form of the 
arch curve may be. 

It is so frequently stated that the application 
of the theory of elasticity is based on this or 
that assumption, that it may be well here to 
state the only assumption underlying the modern 
theory. It is nothing more than the propor- 
tionality Of deformation to the force producing 
it and is the basis of every formula we have for 
calculating the resistance of materials in any 
form. It is not properly called an assumption 
at all since there is an abundance of experi- 
mental evidence in its favor. The formulas de- 
rived from it are furthermore not confined in 
their application to perfectly elastic bodies, but 
are also useful for imperfectly elastic materials. 
This point is very concisely stated in the follow- 
ing paragraph from Castigliano, which I quote 
as printed, that I may not be accused of dis- 
torting the author’s meaning: 

Si, de plus, la compressibilité des corps imparfaite- 
ment élastiques composant les systémes considérés est 
proportionnelle aux pressions, ainsi que cela a lieu, entre 
certaines limites, pour les corps parfaitement élastiques, 
il est facile de voir que la distribution des forces in- 
térieures se fait exactement de la méme maniére que 
dans ces derniers corps. D’od il suit, que les formules 
et les théor@mes que nous avons démontrés pour les corps 
et les systémes parfaitement élastiques, auront lieu aussi 
pour les corps.et les syst@mes imparfajtement élas- 
tiques; dont le cas qui se présente le plus souvent dans 
la pratique, est celui des arcs en maconnerie, lorsque 
les mortiers n’ont pas encore fait bonne prise. 

In response to a reference to the arch tests con- 
ducted by the Austrian Society of Engineers and 
Architects one man writes: “There were no re- 
inforced arches tested by the Austrian Society.” 
Since this statement may have received general 
circulation and may be believed by many per- 
sons, I take this occasion to refer to the report 
of the Gewdlbe-Ausschuss of the Austrian So- 
ciety of Engineers and Architects in which will 
be found records of tests as follows: two Monier 
arches of 2.70 m. span, one Melan arch of 4.00 
m. span, one Monier arch of 4.05 m. span, one 
Monier arch of 10.00 m. span and one Monier 
arch of 23.00 m. span. This is certainly a 
record worthy of attention and entitled to some 
weight. 

At various places I find references to the sup- 
posed necessity for confining the line of pres- 
sure to the middle third of the thickness of the 
arch ring. Some people seem to have forgotten 
the significance of the “principle of the middle 
third.” It is nothing more than a convenient 
way of expressing the fact that there is to be no 
tension at any part of the ring. This, of course, 
is necessary with block masonry, whose resist- 
ance to tensile stresses is extremely small and 
may be even zero at the joints. However, with 
reinforced concrete, designed to resist the ten- 
sions which may occur, this necessity no longer 
exists. In such a structure it becomes necessary 
to determine the actual stresses in the concrete 
and in the steel that they may be known not to 
exceed certain limits previously. fixed upon as 
safe working stresses for the materials in ques- 
tion. If this condition is fulfilled it is of no im- 
portance where the line of pressure may lie with 
respect to the arch ring. Of course, if the line 
of pressure lies near the axis of the ring less re- 
inforcement will be required, but this is an 
economic rather than a technical matter. The 
principles involved and the method of calculation 
will be the same in any case. 

In another letter appears the following: 


Having a given loading, there is but one curve that 
will prove most efficient, and that is the curve that is 
freest from bending moments. No one has been able by 
theoretic methods to determine what that curve should be 
for an arch covered with earth filling. ... Our experi- 
ence has shown us that the curve as determined by our 
method of design is practically the linear arch for the 
earth loading, and is consequently free from bending 
moments except those due to live load. 


As pointed out earlier in this article the diffi- 
culty in determining the curve of the linear arch 
for earth loading is entirely due to the uncer- 
tainty as to the direction and magnitude of the 
earth pressure. Given these data the determina~ 
tion of the linear arch is a simple matter. The 
fact is that the problem of the pressures on any 


plane within the mass of a pulverulent material, 
such as earth, is not one permitting of a unique 
solution as do those of hydrostatics and of the 
theory of elasticity. A mass of pulverulent ma- 
terial may be in equilibrium under a wide range 
of stresses on a given plane, and it is therefore 
impossible to do more than determine the limits 
within which these stresses must lie. For any 
assumed distribution of pressures within these 
limits it is possible to find the curve of the 
linear arch, and the arch ring constructed to 
carry an earth loading must be capable of re- 
sisting the pressures due to any one of these 
linear arches. Since the pressures within the 
earth mass may and undoubtedly do change 
from time to time due to the influence of varying 
degrees of moisture and to rearrangement under 
the action of the live load, it seems clear that 
an arch of such form as to be free from bending 
moments under the earth load as originally ap- 
plied may be subject to very considerable bend- 
ing moments after the earth pressures have been 
rearranged by use of the bridge. Under these 
circumstances it is hardly worth while to waste 
very much time or thought on the form of the 
arch curve except as it may affect the appear-— 
ance of the structure, and it is certainly not safe 
to shave the arch ring down to a minimum on 
the assumption that it is free from dead load 
bending moments. “Our method of design’? men- 
tioned above appears to consist of a simpie 
geometrical method for constructing the curve of 
the intrados, together with an empirical rule 
for the thickness of the arch ring at the crown; 
and the experience which has shown “that the 
curve * * ®* is practically the linear arch for 
the earth loading”’ seems to have consisted in the 
construction of a large number of such bridges 
which have not fallen down. Upon this basis 
almost any designer would be warranted in con- 
cluding that nearly any curve is the linear arch 
for any loading. 

In another place this same correspondent writes: 


In the last five years we have designed and erected 
upward of five hundred bridges of the type submitted 
for For three years we depended largely upon 
elastic methods of design, but for the last two years 
have been able to secure more satisfactory results by 
the use of our empirical formulas, which are based upon 
three years’ experience with the elastic method. 

An empirical formula is properly found only by 


assuming the form and then determining the con- 
stants so as to secure the best possible agree- 
ment with a large number of observed facts. Un- 
less this is done with great care calculations made 
by the resulting formula will partake very much 
of the method of the astronomer who declared 
that the way to find the distance to a star is to 
“guess at a quarter of it and multiply by four.” 
Even though the constants be determined with 
the greatest care there is no warrant for the use 
of such a formula outside of the limits of the 
observations by which the constants have been 
determined. Our correspondent has apparently 
determined the constants of his formulas by 
comparison with his designs based on the theory 
of elasticity, and now regards these formulas as 
more reliable than the theory on which they 
are really founded. Blind faith in a formula 
rather than proper consideration of the physical 
facts which it is intended to represent fre- 
quently leads to this untenable position. It 
would be interesting to know how this gentle- 
man determines that his results are “more satis- 
factory” by his present method than by the 
former and in what units he measures his satis- 
faction. 

In the above quotations and comments the 
writer has carefully avoided mentioning names, 
since it was not intended to attack either the 
individuals in question or the designs submitted 
in the Denver competition, but simply to contro- 
vert erroneous and unscientific claims or state- 
ments relative to the design of réinforced con- 
crete arches. 


A DRAWBRIDGE ACCIDENT occurred at Chicago, 
Nov. 19, when the freight steamer ‘“‘Joseph Langdon’ 
struck the north end of the Clark St. bridge. The 
steamer was coming up the river early in the morning, 
but when it whistled for the bridge to be opened a 
street car was on the bridge. The steamer was not é 
prepared for the delay, and could not be stopped be- 
fore it struck the bridge, carrying away part of the 
railing and sidewalk and damaging the abutment, 
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THE PHOENIXVILLE TESTIMONY IN THE QUEBEC 
BRIDGE INQUIRY. 


The Canadian Government Commission charged 
with inquiring into the collapse of the Quebec 
Bridge and all that pertains thereto has com- 
pleted the taking of testimony in the United 
States, and therewith has practically completed 
its labors preliminary to drawing up its report. 
The testimony taken here included that of the 
Consulting Engineer, Mr. Theodore Cooper, and 
that of the engineers and officials of the Phoenix 
Bridge Company, who was constructing the 
bridge. Mr. Cooper’s testimony we presented in 
full in our issue of Oct. 31, 1907, pp. 473-477. We 
are now able to give with substantially the sarne 
completeness, the testimony taken at Phoenix- 
ville. In conjunction with the testimony of Mr. 
Cooper, it presents a remarkably complete pic- 
ture of the Quebec Bridge work. 

The verbal testimony, as here given, is, of 
course, only a part—a small part—of the evr- 
dence gathered by the Commission at Phoenix- 
ville. An enormous volume of correspondence, 
many record books, and large files of plans and 
calculations were obtained and examined, the 
works and equipment for manufacture were 
thoroughly studied and all phases of the bridge 
construction were investigated. The formal in- 
terrogation here recorded was conducted subse- 
quent to the principal mass of the work, after 
all the available facts had been ascertained, and 
was so arranged as to bring into concise form 
the information pertinent to the inquiry pos- 
sessed by the Phoenix Bridge Company, or its 
individual officials. 


Testimony of DAVID REEVES, President of the Phoenix 
Bridge Co., and President of the Phoenix Iron Ce. 


{In Extract.] 

Mr. Reeves has for many years been at the head 
of both the Phoenix Bridge Company and the 
Phoenix Iron Company. In 1872 he became a 
partner in the firm of Clarke, Reeves & Co., the 
other partners being the late Thomas C. Clarke 
and Mr. A. Bonzano. In 1884 this firm was in- 
corporated as the Phoenix Bridge Company and 
the Phoenix Iron Company, the business being 
separated into the manufacture of steel and 
bridge work and the design and erection of 
bridges. Mr. Reeves’ statement before the Que- 
bec Bridge Commission defines the relations of 
the two companies to each other and to the 
Quebec Bridge work, and expresses the general 
views of the Phoenix Bridge Company relative 
to the disaster. We have omitted portions of 
Mr. Reeves’ testimony on account of the space 
necessary for the testimony of other officers on 
matters of especial interest to engineers. 

Q. Is the Phoenix Bridge Co. a manufacturing company 
at all, or is it entirely a contracting company, and is it 
entirely separate from the Phoenix Iron Co.? State the 
relations between the companies. 

A. The Phoenix Bridge Co. is an engineering and 
contracting, not a manufacturing company. It is entirely 
separate from the Phoenix Iron Co. It has an arrange- 
ment with the latter under which its bridge and other 
structural work is manufactured in accordance with re- 
quirements. Formal methods of accounts, charges and 
payments are administered between the two companies 
precisely as in other contracts. 

Q. Does~the Phoenix Bridge Co. provide material for 
and carry out the manufacture of all work under the 
contracts made by the Phoenix Bridge Co.? 

A. The Phoenix Iron Co. provides the materials and 
fabricates the shop work in its mills and shops in ac- 
cordance with the specifications and plans furnished by 
the Phoenix Bridge Co., under its directions. 

Q. Is this under a regular standing arrangement, or is 
there a separate arrangement made for each piece of 
work? 

A. This is done under an arrangement standing since 
1884 and prior thereto with the predecessors of the 
Phoenix Bridge Co., the firm of Clarke, Reeves & Co. 


Q. Did you keep in touch with the Queber Bridge 
work as it proceeded, with what matters did you more 
especially concern yourself, and, in view of what has 
occurred, will you please state fully all the circum- 
stances of your own knowledge and your comments upon 
them? 

A. I kept in touch with the work at all stages of its 
progress. I fully appreciated its magnitude and im- 
portance, the engineering difficulties involved, and the 


necessity of the highest class of workmanship in all 
members of the bridge. I believed the appointment by 
the Quebec Bridge Co. of Theodore Cooper as Consulting 
Engineer assured the success of the undertaking, that 
our engineers and constructors were fully competent to 
design, construct and erect the bridge under Mr. Cooper’s 
supervision and that of the engineers of the Quebec 
Bridge Co. and of the Department of Railways and Canals. 

Mr. Cooper insisted upon reserving to himself the final 
authority over his colleagues, and I especially regarded 
his approval of the detailed drawings as of the highest 
importance, believing that with the details and sections 
of the bridge members approved by him, as well as the 
general procedure in shop and field, a perfe®® organiza- 
tion existed. I never suspected he was overworked, and 
I believed he would have been allowed any assistance 
asked for. I was advised that the Department of Rail- 
ways and Canals intended to appoint an assistant engi- 
neer with a staff to actively cooperate with him, but was 
prevented at Mr. Cooper’s imperative demand. .... 

Mr. Cooper was in the shops but twice, only once saw 
any of the finished bridge members and was never at the 
bridge site at all after erection started, and consequently 
did not see or know of much of this preliminary work, 
and was not familiar with the processes by which the 
bridge members were constructed. But his inspectors 
and our inspectors, working independently as checks upon 
each other, did not use their usual discretion, but I 
understand reported every error, however slight, directly 
to Mr. Cooper for his information and approval. 

This was an extra precaution on account of the im- 
portance of the work. It probably caused Mr. Cooper, 
who never saw the matters in question, to magnify their 
importance and to believe an unusual number of errors 
had been made, which is not true. On the contrary, very 
few errors were made, and all were properly and fully 
corrected before shipment in the most workmanlike man- 
ner. No member left the shops that was not fully in- 
spected and accepted by the representatives of the Quebec 
Bridge Co. 

The erection of this bridge was an important undertak- 
ing, and every precaution was taken to avoid unnecessary 
risks, and our whole organization was impressed with 
this idea. Every one who observed its progress regarded 
it as a remarkable instance of performance in accord- 
ance with a prearranged plan, as a masterpiece of erec- 
tion. When the compression chord members began to 
yield at several places one after another, as we can now 
see, and the whole bridge was on the verge of collapse, 
as afterwards dveloped, our staff at the bridge site ob- 
served the signs, and acted promptly and efficiently. They 
calculated correctly the stresses on the several members, 
and decided that failure from such stresses was impos- 
sible. When reported to Mr. Cooper he foresaw no im- 
mediate danger, and the same was true at the office of 
the engineers at Phoenixville. After the event we have 
learned what we did not know and could not have known 
before. 

Mr. Cooper states he could have saved the bridge, that 
he now knows the weakness of the members that failed 
and could have remedied them at the cost of $100, but he 
does not say how, nor did he tell Mr. McLure on Aug. 
29 when he called on him, nor did he tell any one else, 
when the information might have been acted upon. I 
believe from all the evidence that was available at the 
time, there was no possible way to save the bridge, and 
the impending catastrophe could not have been foreseen 
or averted. 

I believe that no engineer is able to state positively 
the cause of the failure or would wish to undertake to 
strengthen the compression members now built for the 
north side until after a satisfactory number of built-up 
compression members of corresponding design of the 
largest possible section had been tested to destruction; 
but I think it is now possible to foresee that after such 
tests have been made the members already built for the 
north side can be increased in section, and made per- 
fectly safe for use at a comparatively small cost, and 
that uew members can be made for the south side to cor- 
respond exactly. 

We shall be glad to put our testing machine at the dis- 
posal of the commisison and to make when desired a 
series of tests upon it for this purpose, up to a cross- 
section of about 80 sq. ins. 

In respect to the sections of the compression mem- 
bers as built up for the Quebec bridge, I wish to say 
that it was not to the interest of the Phoenix Bridge 
Co. to restrict the area or weight of these, as has been 
intimated, but that in a commercial way it was largely to 
its interest to increase the sections, and the size and 
weight of the bracing, and from that point of view we 
should have been glad to have increased the weight. 
Our contract being not for a lump sum but by the pound, 
any increase of metal would have been to our advantage. 

It was simply imperative from the point of view of 
good engineering, and in accordance with the funda- 
mental requirements of the contract and specifications, 
not to make the weight or the price of the bridge any 
more than was demanded by the best practice. The 
Consulting Engineer in the interest of his clients was 
supreme in this respect. 


We proceeded with the contract, unrestricte: 
consideration of the financial strength of the 
which employed us. No restriction of that kind 
heard of by us—we were always promptly paid 
never economized in any respect by reason of ich 
consideration. It can be seen now that some ip 
weight was requisite, especially in certain co: 
members, and prior to the shipment of any 


members we called this matter to the attentio: Mr. 
Cooper, but Mr. Cooper would not allow any ase 
whatever in these members, and decided they met 


the requirements, 
There was no undue haste. Progress in the ¢ 


room was always retarded while the engineers ked 
and rechecked their calculations. Progress in t! ps 
was always retarded while the drawings were b: ex- 
amined and approved, and rechecked to pro: for 
every possible condition of loading during erect and 
after; and progress in the field was always subje de- 
lays by the engineers on the bridge who contro! the 
operations of the erectors, and saw to the prop: ye! 
and alinement. Due expedition was essential from any 
points of view, but it was never permitted at «  ex- 
pense of safety or good workmanship. ....... 

The cause of the failure cannot be found due any 
departure from the specifications in design, mat: or 


workmanship, or lack of good judgment in the fice!: No 
engineer under the circumstances will accept the ‘' of 


a local defect to account for it. The profession is | ung 
to look beyond that—in the employment of the unw. ually 
high stresses prescribed for compression members, |. yond 
all precedent and, as it now appears, beyond the e. ting 


technical knowledge of their effect. 


Mr. Cooper made modifications in the unit-stre.-°s to 


be employed upon the various members which very much 
increased them beyond any precedent, and by so doing 


placed the whole design in a field outside the benefit of 
experience. Such high stresses had never before been 
used, and in using them he acted with the authority of 
the Quebec Bridge Co. and the Dominion of Canada vested 
in him. The fall of the bridge is to be laid directly 
to the change in the unit-stresses as made by Mr. Cooper. 


Testimony of FRANK P. NORRIS, Manager of the 
Phoenix Iron Co. 


[Very slightly condensed.] 


As manager of the Phoenix Tron Co., directing 
the operation of the steel furnaces, rolling mills 
and bridge shop of the company, Mr. Norris was 
in charge of the fabrication of the Quebec Bridge 
material and of the rolling of most of its ma- 
terial. He devoted himseif very energetically to 
this particular part ef the work under his charge, 
as his testimony shows. He has been in this present 
position since February, 1900, prior to which 
period, from May 1, 1896, he was Assistant 
Superintendent of the works. He is in charge of 
the works under Mr. Wm. H. Reeves, General 
Superintendent, and the President, Mr. David 
Reeves. He has no connection with the Phoenix 
Bridge Co. 


Q. What was the date you were first officially advised 
to prepare for the construction of the Quebec Bridge and 
who so advised you? 

A. In the spring of 1900 I was advised by Mr. Wm. H. 
Reeves, General Superintendent, that we were likely to 
receive instructions very soon to proceed with the Quebec 
bridge and that it was important that we look carefully 
into the question of the manufacture of the eyebars for 
top chords and diagonal tension members, and at the same 
time stated that no bars must be used in the structure 
over 2 ins. in thickness, as he was satisfied from past 
experience that bars over 2 ins. in thickness were not 4s 
efficient as those of this thickness or less. 

Q. Prior to June 19, 1903, what work had you done in 
the shops in anticipation of having to build the Quebec 
bridge, and under whose authority was this done’ 

A. The work done in shops prior to June, 1903, in an- 
ticipation of having the Quebec bridge to build was 4 
follows, and was authorized by Mr. William H. Re ves. 

It was thought by some that we could not forge brs o! 
such large dimensions, namely: 15 ins. x 2 ins, with 
eyes of proper width to suit the different sizes 0! pins 
that would be necessary to use. We had frequen: dis 
cussions as to how we would make these large «year 
for the Quebec bridge. It was thought by so: that 
we would have to cut them out of plates. Owins ‘o the 
immense size of the bars it would have been nex! ‘0 i= 
possible to get plates large enough, some of ‘!° Dar 
requiring eyes 35% ins. in diameter and the ba: mea 
uring 85 ft. in length, which would have required « plate 
36 x 2 ins. x 85 ft. 6 ins., weighing 20,948 Ibs., w ch 0° 
mill in the world could roll. I then made up ©9 et 
mate showing the “comparative cost of upsetti © and 
forging these eyebars from a 15 x 2-in, bar «nd o 
cutting them from a solid plate. This estimate w » ™¢ 
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- 28, 1900, and satisfied us that cutting bars out 
x - was out of the question and that forged bars 

be used. 

» much thought I formed the opinion that by mak- 

rtain changes to our eyebar upsetting machine we 

upset and forge these 15-in. bars and obtain much 

- results than by cutting them out of large plates. 
bow that this theory was correct we made the 
eos necessary to the upsetter, made dies for hammer 
jl necessary appliances for forging 15-in. bars, and 

6, 8 and 9, 1900, we forged ten 15 x 2-in. bars 
sted two bars, one on Oct. 12 and the other on Oct. 
est report herewith attached. This experiment cost 
neighborhood of $1,000, and proved that we could 
the bars and thus avoid delay in design of the 

t ze. 
. were expecting to receive instructions any day to 
ed with the bridge and we were thoroughly aware 

ne fact that before the fabrication of the different 

‘bers was begun in the shop, owing to the immense 

and weight, we should have to erect numerous large 

-eling cranes and secure a large number of new ma- 
-b)pes to do the shearing, straightening, milling, boring, 
«te. as tools for ordinary work were nowhere near large 
epough to take care of work of the magnitude of the Que- 
bec bridge. Owing to the size and length of these sec- 
tions it was necessary to make certain additions to our 
main bridge shop and strengthen the columns that sup- 
»orted the crane runway girders, and also replace the old 
runway girders with much stronger ones in order to 
carry the heavy loads. We did this work in the fall of 
1902 as we realized it would take considerable time, and 
decided to make these improvements at once rather than 
to take chances of delaying the work. 

The above changes to crane runways and additions to 
shop cost us between $28,000 and $30,000. 

Q. After the date of the contract between the Phoe- 
nix Bridge Co. and the Quebec Bridge Co., June 19, 1903, 
what special preparations were made in the shops for 
the manufacture of the bridge? 

A. On June 19, 1903, the formal contract for the 
Quebee bridge was signed and I was instructed to pro- 
ceed at once to obtain whatever machinery and tools 
were needed to make the best job possible, regardless 
of their cost, and these instructions were carried out to 
the letter, Our total cost for extensions to plant, ma- 
chinery, tools, cranes ete., necessary to build the Quebec 
bridge, was between $225,000 and $250,000. 

Q. At what date was the manufacture of the steel 
commenced? At what date was the first working draw- 
ing given you, when was the shop work commenced and 
upon what member? 

A. Manufacture of steel was commenced June 14, 1904, 
for the tower shells. The first working drawing was 
received at shops on June 1, 1904, and was for strut 
T. 8. 3, between tower shells (the orders for the metal 
having been sent to the mills several days previous to 
sending drawings to shops). Shops started to punch the 
metal for this strut June 24, 1904. 

Q. At what date was material ordered for lower chords 
and at what date was work on them begun in the shop? 

A. Material was ordered for No. 1 Chords, 606 South 
Anchor Arm, on July 19, 1904, and shops started to punch 
the metal for them Aug. 5, 1904. 

Q. Will you please state from your personal knowledge 
the main facts in the course of manufacture as they 
concern you and any comments you have to make upon 
them? 

A. Every department superintendent, as well as the 
workmen in the steel plant, rolling mills, bridge shop— 
and in fact all employees of the works, were instructed 
to take the utmost care in preparing and handling the 
material for this bridge, as well as the punching, as- 
sembling, reaming, drilling, milling, boring, planing, 
etc. The engineers furnished the shops with drawings 
showing just how all the large members were to be loaded 
on the cars for transportation to Quebec, and numerous 
special appliances were employed for this purpose. All 
these instructions were followed with the greatest care. 

During the months of May and June, 1904, we made 
a full-size model of a panel point of the anchor arm to let 
our shop men see the size of the members we had to 
build, and to further impress upon them the magnitude 
of the work and the great importance of building the 
work just right, and also that they could familiarize 
‘hemselves with details and avoid the possible chances 
f mistakes in the shops. This model cost between $600 

od $800 to build, and can be seen on the second floor 
of the bridge company’s office. 

All the shapes for this bridge were rolled in our works; 
‘se plates were furnished by the Central Iron & Steel Co. 

1d the pin material by the Bethlehem Steel Co., and 

-spected at the different mills by the inspectors appointed 

the Consulting Engineer. 

After the chords, posts, etc., were riveted up com- 
ilete, they were laid out by the shop superintendent per- 
onally—in his absence by his assistant—before being 
vlaced in the rotary planers (for facing) and boring mills 
ond were checked up after each cut to make doubly sure 
‘e work was being done correctly. In many cases, if not 
“ways, these layouts were checked by either Mr. Ed- 


wards,* or Mr. Meeser,* as an extra precaution, and were 
always checked by the Phoenix Bridge Co.’s inspector. 
We threw every safeguard possible around this work to 
avoid error, and, notwithstanding, a few minor errors did 
creep in, but none of a serious character. They were 
remedied to the entire satisfaction of the Consulting En- 
gineer’s representative. The Chief Inspector of the Phoe- 
nix. Bridge Co. kept a complete record of all variations 
from the drawings, even to the chipping of a rivet. 

When the question of inspection of the Quebec bridge 
in the shops was first brought up I made a strong plea 
that the best shop inspectors that were obtainable should 
be placed on the work. The Consulting Engineer, as I 
remember, stated distinctly that he would not have the 
inspection done by an inspecting firm as he wanted men 
of his own selection who should have no duties but to 
be right on this work all the time. This met with my 
ideas exactly, except that the Consulting Engineer stated 
that he wanted young men just out of college who, being 
without any practical experience, would be trained ac- 
cording to his own ideas. This, I, as well as other 
officials of the company, protested against strongly, as 
we wanted experienced men from the start. The result 
was that Mr. Edwards, a man with some 20 years’ ex- 
perience, was appointed Chief Shop Inspector, and later 
Mr. Meeser, another experienced inspector, was ap- 
pointed to assist him. Mr. McLure also spent consid- 
erable time assisting Mr. Edwards with the shop in- 
spection before taking up his duties as Inspector of 
Erection. Mr. McLure also spent the winter months 
assisting with shop inspection. The inspection on this 
work was the most thorough of any I have ever wit- 
nessed. 

Everybody appreciated the magnitude of the work and 
the great importance of making it to conform to the 
drawings. With a view of keeping the shop work right 
up to the highest standard I called Mr. Edwards in the 
office at different times and requested him to accept 
nothing but the very best work, and at the same time 
cautioned both him and Mr. Meeser to always check the 
measurements with their own private tape, and to the 
best of my knowledge and belief they did this. 

There was never any friction between the Quebec 
Bridge Co.’s inspectors and our men; all were working to 
the same end, namely: to make a bridge second to none. 

Realizing the absolute importance that every part of 
this bridge must be right and to impress all the shop men 
with this fact, I placed notices around the shops, before 
the actual fabrication of the work commenced, calling 
their attention to the fact that we were about to start 
work on what was to be the ‘largest bridge in the 
world and requested every man to do his best. We put 
the very best mechanics in the shop on this work; the 
boring was all done by expert machinists. 

I want to say most emphatically, and the actual work 
will bear out my statements, that we all appreciated the 
great magnitude of the work and the utmost importance 
of doing it just right. The way the work went together 
in the field proves it was right. Everybody who has 
seen the work does not hesitate to say that it is the very 
best. 

Any tests that were asked for by the Consulting Engi- 
neer were always willingly and promptly made and with 
the greatest care. Together with Messrs, Edwards and 
Meeser, the Inspectors, and Messrs. Deans and Szlapka, 
I spent many hours in the testing room witnessing the 
making of the eyebar tests. We placed our tool-makers 
at the disposal of the inspectors to check their readings 
of the vernier calipers. These tests cost a considerable 
sum. 

All the members in this bridge, including the eyebars, 
were measured by steel tapes standardized by a tape in 
the possession of Mr. Edwards, the Quebec Bridge Co.’s 
Chief Inspector, to which were attached spring balances 
or scales, and 12 lbs. pressure was‘put on the tape for 
every measurement made. This insured uniformity of 
measurements throughout the whole job. The pins for 
this bridge were forged in the armor-plate forges of the 
Bethlehem Steel Co., at an extra cost of $20 per ton over 
and above what we could have purchased ordinary ham- 
mer-forged pins for, which would have filled the require- 
ments of the specifications. We all appreciated the great 
importance of getting the best pin material obtainable, 
as they had an enormous load to carry, and after many 
weeks of careful consideration of this particular part of 
the structure we were instructed to order these pins at 
this large additional cost, by Mr. David Reeves, Presi- 
dent, who from the very beginning said that we must 
use the best of everything in this bridge, regardless of 
cost. These instructions have been rigidly lived up to. 

In October, 1904, we spliced chords Nos. 1 and 2 of 
the anchor arm together under the shipping crane in our 
yard and requested the Consulting Engineer to come to 
Phoenixville to see how nicely the work went together. 
After waiting nearly a week he finally came over and 
was evidently much pleased, as we never heard anything 
to the contrary. The last week in November of the same 
year we spliced chords 4 and 5 of the anchor arm to- 


*The Quebec Bridge & Railway Co.’s inspectors at 
Phoenixville.—Ed. 


gether (these are the first two chords that are cam- 
bered). After putting on all the splice plates we had our 
transitman square and level them up with the instru- 
ments, then compare them with the drawings, and found 
them as near to the drawings as it was possible for 
human hands to make them. We did not complete the 
splicing of the above chords until late on a Saturday 
evening and on the following Sunday morning Messrs. 
Edwards, Szlapka, Scheid], Wright (Shop Superintendent) 
and myself, together with a number of others, were 
there to see whether the work came together as it should, 
and as stated above, the work was accurate. The next 
day, and for the next couple of weeks, we made several 
attempts to get the Consulting Engineer to come to Phoe- 
nixville to see these chords, but he positively refused to 
come. We were very much surprised at this as we were 
told many times by Messrs. Deans and Szlapka that these 
cambered chords were probably the most important sec- 
tions in the bridge and so much depended on having them 
just right so as to keep the bridge in perfect alinement. 

When the first shoe was completed in the shops we as- 
sembled both bottom and top pedestal, shoe, chord sec- 
tion No. 11, main post foot, floor beam connections, and 
all thevarious plates that connected to shoe for brace con- 
nections. Again we requested the Consulting Engineer to 
come to Phoenixville to see for himself how well each 
part fitted to the other and the excellent work we were 
doing, but he refused absolutely. 

The Consulting Engineer in his testimony speaks of 
the company being slow in making the special eyebar 
tests. This was due to the fact that it took considerable 
time to get the plain bars from the plate mill. After 
they reached our works it required considerable time to 
forge, anneal, straighten and bore the bars, and the 
testing, owing to the numerous measurements that had to 
be made, was a slow process and required many days. 

Mr. Hoare, Chief Engineer of the Quebec Bridge Co., 
was at the works numerous times during the past four 
years and always seemed well satisfied with the class 
of work we were doing for him. At the same time he 
always kept impressing on us, as well as on the inspec- 
tors, the great importance of making everything just 
right. 

Before the main traveler was completely designed for 
erecting this bridge we made tests of different kinds of 
anti-friction metals to make sure of getting the very 
best for the bearings of this traveler, on account of its 
great weight and the heavy sections it would have to lift. 
The shackles were made by the best makers in the 
country and when they arrived here we tested several of 
them in testing machines. The results were not satis- 
factory and we refused to accept them and forged them 
here from solid steel billets. The same care was taken 
with the false work and travelers, both large and small, 
as with the bridge proper, and the materials and work- 
manship were of the very best. Many tests were made 
of the materials that went into the false-work and trav- 
elers, same as were made for the big bridge. Great 
care was taken to have all sections carefully painted be- 
fore being shipped or put in storage, and the material tn 
storage has been looked after. 

I gave the Quebec bridge material my most careful at- 
tention through its various stages in mills and shops, and 
realizing the great responsibility that naturally was 
placed upon me as the Works’ Manager, I gave up every- 
thing in the way of vacations and have been in the 
works practically every day since we commenced work 
on the bridge in 1903, except for five days in October, 
1905, that I spent going to and at the bridge site in 
Canada. 


+4 
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Testimony of ELLSWORTH L. EDWARDS, Chief Shop 
Inspector ef the Quebec Bridge & Railway Co. 
{In Full.] 


Mr. Edwards, already referred to in the testi- 
mony just preceding, was selected for the po- 
sition of Shop Inspector by Mr. Theodore Cooper, 
Consulting Engineer of the Quebec Bridge & 
Railway Co. This is described in Mr. Cooper's 
testimony (Engineering News, Oct. 31, 1904, 
p. 474). He came to the work with many years’ 
experience in bridge shop inspection, and was well 
and favorably known at the Phoenixville works. 


Q. Please file complete list of shop errors detected 
by the inspectors and indicate those which were specially 
brought to the notice of Mr. Cooper. 

A. Herewith I file with you a book which contains 
memoranda of all the errors discovered at shops by in- 
spectors. Those marked with an X in red were specially 
brought to Mr. Cooper’s attention, for the most part on 
the occasions of my frequent visits to his office. Minor 
errors were sometimes referred to in the course of my 
conversa..on with him. Mr. Cooper had advised me to 
confer wi:s Mr. Szlapka regarding minor errors. This 
I did, and before the shop was allowed to remedy such 
errors Mr. Szlapka was consulted. In matters affecting 
clearances his advice was particularly valuable. . My 
method was to exchange ideas with Mr. Szlapka as to 


q 7 
| 
4 { 
t a 
| 
| 
a 
| 
| 
x 
= 


578 


ENGINEERING NEWS. 


Vol. 58. No. 


the remedying of these less important errors and come to 
a conclusion satisfactory to us both. While such minor 
errors were not then brought to Mr. Cooper’s attention 
it was my understanding that he approved of this course. 

Q. Please file a list of errors which were not de- 
tected in the shop inspections and which were subse- 
quently detected and reported from the field. 

A. I do not have a complete list of errors found in the 
field and which were not detected in the shop. Mr. Mc- 
Lure wrote me concerning some of these, but I under- 
stand you have this information in detail in his book, 
labeled ‘“‘Record of Shop Errors Found in the Field.” 
This record includes the errors of drawings as well as 
those of shop and a distinction is made between these two 
classes. As you are probably aware errors of drawings 
are not chargeable to inspectors, as drawings are sup- 
posed to be correct when received by us. 

Q. Was every important error that you detected re- 
ported to Mr. Cooper and were his instructions in regard 
to these errors promptly carried out? 

A. Every error which I considered of sufficient im- 
portance was referred to Mr. Cooper and his instruc- 
tions were carried out implicitly. Members for the 
south side were always remedied very promptly. As 
there was no hurry for those of the north side these 
were not attended with such promptness but were finally 
" remedied or passed by Mr. Cooper. 

Q. Please refer to your letter of Feb. 26, 1906, to Mr. 
Cooper and explain in detail the conditions you therein 
described in the second paragraph. 

A. In reference to the second paragraph of my letter 
of Feb. 26, 1906, to Mr. Cooper, I would say that at that 
particular time there seemed to be an unusual number 
of errors being made both at the bridge shop and the 
eyebar plant, and we were endeavoring to get things back 
to a normal condition. Notwithstanding the efforts being 
made, errors continued. Such conditions were only tem- 
porary and as stated in this same letter ‘“‘We expect bet- 
ter results before long."’ And these were obtained. My 
reference to “being up against a pretty tough propo- 
sition’’ means that new errors were appearing in spite 
of precautions which were being taken by the Phoenix 
officials and ourselves. It is my experience that there 
are occasional short periods when an unusual number of 
mistakes occur and, vice versa, there are periods when 
unusually few errors are made. 

Q. Within what limits do you consider it practicable to 
straighten the ribs of bottom chord members, and of 
the main posts, and how closely can the ribs of consecu- 
tive chord members be made to match each other? 

A. In reference to the limits considered practicable 
to straighten ribs I would say that this depends to a 
large degree on the thickness of these ribs and also the 
nature of the bend. If the bend is a long curve it is a 
comparatively easy matter to take out a 3 to 4-in. 
bend, but if the bend is a short kink this would be a 
different proposition and could only be decided by the 
case at issue. However, we are not aware of any 
chords on the Quebec bridge where it was necessary to 
remove any short or sharp kinks. Long bends were al- 
ways removed before milling. 

In the matching of consecutive chord members it 
must be taken into consideration that the web plates 
may vary in thickness and angles are not always true 
(viz.: one leg not at exact right angles to the other). 
Our practice in inspection was to endeavor to have the 
ribs absolutely the correct distance apart from top to 
bottom at ends of chords. We did occasionally allow 
as much as 1/16-in. (maximum). I do not believe it is 
possible to secure greater accuracy than this where 
measurements are taken between rolled surfaces. 

Q. How closely to true plane will the large rotary 
planers cut? 

A. From actual measurements we know that the ac- 
curacy of the milling done by the rotary planer for the 
larger members of the Quebec Bridge varied from a 
true plane, where such variation occurred, from 1/64 to 
1/32 in. This was the best the machine could do. 

Q. We understand that a post section was found 3/64 
in, out of true on one corner, and that this was ac- 
cepted on the ground that the planer could not cut with- 
in these limits. Is this correct and was this reported 
to Mr. Cooper? 

A. Regarding main post section found to be out of 
true 3/64 in. at one corner, the fact of the bearing sur- 
face being so great and the unevenness in question be- 
ing so small and at one point only I deemed it advisable 
to accept the member, believing that when the weight 
of the other post sections was on there would be per- 
fect contact. It is a question if any better results 
would be secured by re-annealing (7?) a section so slightly 
imperfect over so small an area, and by re-milling we 
would be reducing the thickness of bearing surfaces. 
This error was not reported to Mr. Cooper so far as I 
now remember. 

Q. Were any full sized tests of plates, angles or 
built-up members made during the fabrication of the 
work? 


A. Some tests were made of built-up members to rep- 
resent the ears of posts and hangers. The results of 
these tests are produced. 


No full-size tests of angles or plates were made. 

Q. Please file a statement giving the particulars of 
all full-size eyebar tests and specimen tests of the ma- 
terials of which they were made. 

A. I produce a statement as asked. 

Q. State exactly what tests for accuracy were made 
upon each of the main members and how were these 
tests made, not only as to dimensions but as to the 
setting of the pieces in the machine? 

A. In reference to tests for accuracy, the facing was 
first tested with steel straightedge. Dimensions from 
faced end to center of pin holes were taken by means 
of a standardized tape secured at one end of member by a 
stop and supported at points the entire length of piece. 
To determine the exact center of pin hole, a circular 
leaden disk was held in place by three set screws and 
the exact center was established from four points on the 
bored surface of pin hole. A spring balance was at- 
tached to the tape and 12 lbs. tension used in all cases. 
In measuring distances less than 15 ft. c. to c. of pin 
holes the centers above described were put in but tram- 
mel points were used to check distances in place of 
tape. Cast-iron gages about 6 ft. long were put in all 
pin holes. Care was taken to see not only that the 
pin would enter the hole without difficulty when the 
member was erected in the field, but that the allowed 
clearance between pin and hole was not exceeded. 

While all holes for splice-plate connections were drilled 
from iron template, the dimensions between holes were 
always all carefully measured and in fact this was 
done in the case of all open holes. 

As to the laying out of members and setting same in 
machine it is not customary for inspectors to check 
these operations. It is the duty of the shop foreman 
to attend to such checking, but notwithstanding the 
custom we did (at Mr. Cooper’s suggestion) check the 
laying out and the boring in many cases in order to 
reduce the liability of error. 

Q. On May 3, 1907, Mr. Hoare asked you for another 
set of strain sheets for anchor and cantilever arm, and 
states that he is aware that the strain sheet for the 
suspended span was not then ready; was there any work 
on the suspended span at that date in the shops? 

A. Yes; the eyebars for the south half of suspended 
span, about one-half of the material for panel No. 1 
south side and some stringers were completed by May 
3, 1907. 


Testimony of JOHN STERLING DEANS, Chief Engineer 
of the Phoenix Bridge Co. 
{In Full.] 

Mr. Deans, a member of the American Society 
of Civil Engineers for twenty years, has long 
been in active charge of the work of the Phoenix 
Bridge Co. His testimony forms the _ cen- 
tral feature of the Phoenixville evidence, and de- 
scribes officially the attitude and actions of the 
Phoenix Bridge Co. in relation to the con- 
struction of the Quebec Bridge. It is kept clear 
of matters relating directly to general design 
and detailing, these being treated at length in 
the testimony following, of Mr. P. L. Szlapka, 
Designing Engineer, who was in immediate 
charge of the Quebec Bridge work, and Mr. 
Charles Scheidl, who was in charge of the de- 
tailing. The testimony of these men may be 
said to form part of that of Mr. Deans as the 
statement of the contractor for the work. 

Q. From whom and at what date did you receive the 
cross-section of the River St. Lawrence at the bridge 
site and the other data required for the preparation of 
the first preliminary plan? 

A. On June 16, 1897, Mr. E. A. Hoare wrote to the 
president of the Phoenix Bridge Co., asking if any en- 
gineer of the company expected to attend the annual 
convention of the American Society of Civil Engineers, 
which was to convene in Quebec on June 30; if so, he 
asked that the engineer call to see him, in connection 
with a project for bridging the St. Lawrence River near 
Quebec. It was natural that Mr. Hoare should address 
the Phoenix Bridge Co. in this connection, as about 
twenty years before, while he was Chief Engineer of 
the Quebec & Lake St. John Ry., the company had con- 
structed bridges for his road. I attended the conven- 
tion, and met Mr. Hoare for the first time and also met 
Mr. Audette, Mr. Boswell, Mr. Dobell, and other di- 
rectors and officers of the Quebec Bridge Co. Mr. Do- 
bell entertained the entire convention at his home on 
the St. Lawrence near the bridge site, and during the 
trip by steamer explained to the engineers present the 
proposed site of the bridge and the steps the company 
was taking towards its construction. Mr. Cooper, after- 
wards Consulting Engineer of the Quebec Bridge Co., 
was in attendance at this convention and learned of the 
enterprise at that time. Mr. Hoare said to me on the 
occasion of this visit to Quebec that if we were inter- 
ested in the bridge project “‘I shall be glad to send you 
a profile of the crossing at the proposed site and other 


necessary general information so that you may. 
wish, be prepared to bid, if the project is carr), 
Shortly thereafter I received from Mr. Hoare ; 
profile and information. 

Q. Please file copies of the outline plans prep: ' 
the Phoenix Bridge Co., dated November 30, 15: ‘a 
December 7, 1897, respectively. (Filed.) 

Q. Please examine the official plan prepared 
Quebee Bridge Co., dated 13th of January, 1) 
subsequently filed with the Government of Cana: 
state if the truss outlines, as shown on it, are {: 
with those shown on the Phoenix Bridge Co.’s 
dated 7th December, 1897. 

A. I have compared these plans and find tha 
truss outlines are identical. 

Q. Please refer to your letter of November §, 7 
to E. A. Hoare and state whether or not the ¢. 
features of the Quebec bridge were determined | 
Phoenix Bridge Co.’s engineers? 

A. No; except as to the general outlines of :: 
and lengths of spans. 

Q. Please state why, in advance of the submiss) t 
competitive tenders, the Phoenix Bridge Co. a! d 
its plan for this bridge to become public proper: jy 
being filed in the Department of Railways and ¢. |; 
and thus becoming available for use of its competit 

A. I do not remember that I knew that our pr: 
nary studies of this work, as shown on plans date: “ 
cember 7, 1897, were incorporated in a plan filed }) «he 
Quebec Bridge Co. with the Department of Railway: «4 
Canals. Had the Quebec Bridge Co. asked perm in 
to use the plan, I would not have objected. In «ny 
case I do not consider the fact of any special sic .4- 
cance or as giving our competitors any advantage At 
the time tenders were asked, about a year later, biid.r: 
had free scope in the matter of design, length of an: ior 
arm, etc., and were asked to bid not only on cant)! ver 
span, but on suspension design. As a matter of fict 
our own tender did not agree exactly with the above 
preliminary study. 

Q. Please refer to your letter of April 14, 1899, t) & 
A. Hoare and state if you did not understand that eon- 
omy in design was to be of first importance in arri\ ing 
at._a final choice between competitive tenders? 

A. I understood economy in design was of imjor- 
tance, but not of first importance and not to be secured 
at the expense of any requirement of the specification 
or of obtaining the most capable contractor for the 
work. 

Q. Was the subsequent letting of various contracts 
to the Phoenix Bridge Co. in pursuance of the unier- 
standing referred to in the letter of April 14, 1899” 

A. No. Mr. Cooper reported favorably upon our 
plan and tender as submitted March 1, 1899, and the 
contract was awarded to us on this report of Mr. Cooper. 

Q. Please refer to your letter of 19th of April, 15099, 
to E. A. Hoare and state your understanding of the 
instructions that had been given to Theodore Cooper 
when that engineer undertook the examination of the 
competitive designs and tenders? 

A. I have read my letter to Mr. Hoare of Apri! 19, 
1899. I understood that Mr. Cooper was to recommend 
for acceptance the lowest and best tender and plan 
which met every requirement of the specifications 

Q. Did consultations take place between Mr. Cooper 
and the engineers of the Phoenix Bridge Co. relative to 
the determination to increase the main span and to the 
determination of amendments to the specifications, and 
had these conclusions the approval of the engineers of 
the Phoenix Bridge Co.? 

A. At Mr. Cooper’s request Mr. Szlapka had inter- 
views with him at which Mr. Cooper stated that it was 
proposed to increase the span and amend the speci!ca- 
tions. The Phoenix Bridge Co. had nothing to do with 
the determination of these questions. We were ‘ot 
asked to approve the proposed action. 

Q. Did the Phoenix Bridge Co. fully concur in and 
approve the action of the Quebec Bridge Co., and of ‘he 
Government of Canada in practically making Mr. 
Cooper’s approval of the plans for the bridge fina! ‘or 
all parties? 

A. We neither concurred nor dissented. Were ‘ot 
asked to do so. We were bound by the action of ‘ie 
Quebec Bridge Co. and the Government of Canad: in 
making Mr. Cooper’s approval of the plans final for 
all parties. 

Q. Did Mr. Cooper suggest to you his inability to 
continue as Consulting Engineer, and if so when ws 
this, what reasons did he assign, and how did you \°¥ 
his suggestion and with what results? 

A. About two or three years ago, Mr. Cooper »:0ke 
to me about the possibility of his being unable, © "& 
to illness, to continue his duties as Consulting Eng “et 
and suggested the name of Mr. C. C. Schneider a is 
successor, should this contingency arise. I told Mr. 
Cooper that we should consider it unfortunate © 4 
change in authority in the midst of construction °c 
curred and that I hoped and believed he would 00° 
be better and remain through the entire operation As 
a matter of fact, Mr. Cwwper did improve promptly nd 
as far as I could see was in his usual state of } lth 
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ontinued his duties in the same manner as pre- 


nid the Phoenix Bridge Co. at any time suggest 

ployment of Mr. Cooper, Mr. Edwards and Mr. 

re in their several capacities? 

No suggestion of the employment of any of them 

made by this company. About the time the neces- 

of appointing a Consulting Engineer arrived Mr. 

-e said the Quebec Bridge Co. was considering the 

os of four or five engineers, among them the name 

‘Ir. Cooper, and asked me as to their ability and 

rience and I said I considered Mr. Cooper the best 

} for the work. We received an application from 

MeLure for a position. I did not know him, but 

cing that Mr, Cooper desired to secure the ser- 

of a young graduate of some experience in bridge 
-«. I turned the application over to him. 

Do you consider that ample time was given to the 

» and preparation of the plans? In this connection 
> understand that the actual weight of the suspended 
.-» overran that assumed in the calculations for the 
,.-hor and cantilever arms by fully 25%. 

4. Yes, Ample time was given. The actual weight 
of the suspended span did overrun that assumed in the 
oricinal calculations. The estimated weight was neces- 
sarily approximate. 

Q. At what date was the first plan approved by the 
Department of Railways and Canals received by you and 
what was this plan? 

A. The first plan of the main structure, approved by 
the Department of Railways and Canals, was received 
by us October 28, 1903; it was the plan of the floor- 
beam drawing B anchor arm. : 

Q. Prior to October, 1904, was your office work con- 
fined to the anchor arm? 

A. No. Prior to October, 1904, our office force was 
at work on stress sheets of the entire bridge and on the 
shop details of the approach spans, anchorages and 
anchor arm. 

Q. At what date were the final arrangements made 
under the contract of June 19, 1903, which permitted 
you to proceed freely with your work? 

A. Feb. 22, 1904. The final arrangements were con- 
cluded on this date. We had in the meantime been 
working on our plans and details of the structure and 
making provisions for properly and promptly construct- 
ing the work. 

Q. When you sent the stress sheet-of the anchor arm 
for approval to the Department of Railways and Canals, 
had you completed your stress sheets for the suspended 
span and the cantilever arm, and had you designed the 
traveler? 

A. The anchor arm stress sheet was approved by 
Mr. Cooper June, 1904, and by the Department of 
Railways and Canals October 11. The traveler was 
designed April, 1904. 

Q. When did you send the stress sheets of the sus- 
pended span and cantilever arm for approval and had 
you then designed the traveler? 

A. Stress sheets for suspended span were sent Feb- 
ruary 19, 1904, and for cantilever arm, May, 1905; the 
traveler was designed in April, 1904. 

Q. After completing the stress sheets of the sus- 
pended span and of the cantilever arm and the design 
of the traveler, did you find that modifications were 
necessary in the stress sheet of the anchor arm, what 
were they and did they tend to increase or decrease the 
stress? 

A. Yes. It was found necessary to make modifica- 
tions in the stress sheet of anchor arm due to increase 
in weight of suspended span and cantilever arm, but not 
to the traveler. 

Q. Were the members of the anchor arm designed 
from the stress sheet of October, 1904, which sheet 
reached the Department of Railways and Canals at the 

ome time as the plans of the details of the bottom 
chords? 

A. Yes. 

Q. When the plans for the bottom chords were ap- 
vroved had any of the chords already been built and 
sere they in accordance with the plans as approved? 

A. None of the chords were built before Mr. Cooper 

proved of the plans. 

Q. Was any work done or material ordered prior to 

‘ceipt of approved plans from the Department of Rail- 
vays and Canals, and if so give details. 

A. Yes, Work was done in many instances including 

“chor arm chords and other members upon receipt of 

‘ans approved by Mr. Cooper and before the plans were 

‘ually approved by the Government, as Mr. Cooper’s ap- 

‘oval was final as far as we were concerned. No 

“anges were ever made by the Government on any 

ans approved by Mr. Cooper. 

Q. The contract between the Phoenix Bridge Co. 

nd the Quebec Bridge Co. provided for payment at 

nices per pound of material erected complete. Was 
cre any limit at all placed upon your company as to 
* amount of money the bridge should not exceed in 
‘t, OF was any sum mentioned to you that it would 


exceed? 
A. No, 


Q. What financial considerations governed you in the 
design of the structure? 

A. We were not governed by any financial consider- 
ation in connection with the design of the structure. 

Q. Did the Consulting Engineer at any time urge 
upon you the necessity of economy, beyond the point 
where you considered the best efficiency could be ob- 
tained? 

A. He effected economy in cost by changing the 
specifications, and these changes lowered the efficiency 
of the bridge. In details not expressly covered by the 
specifications he also exercised economy. He endeavored 
to reach an economical design, and we did not think 
he carried this so far as to lead us to question the 
safety of the structure. 

Q. Did any one else? 

A. No. 

Q. Have you and your staff acted harmoniously with 
Mr. Cooper throughout this work? 

A. Yes. 

Q. Did the changes in unit stresses meet with your 
approval? 

A. The changes in unit stresses were made by Mr. 
Cooper and were not submitted to us for our approval. 
Mr. Cooper merely talked the matter over with Mr. 
Szlapka as a brother engineer, but not, however, for the 
purpose of getting the wishes of the Phoenix Bridge Co. 
He then reached a decision of which we were notified 
and upon which we acted. 

Q. Did these changes follow previous experience, or 
did they take the work out of the field of past experi- 
ence in bridge construction and detailing and in what 
respect? 

A. The changes in unit stresses for compression mem- 
bers carried them out of the field of past experience in 
bridge construction and detailing and did not follow 
usual practice. 

Q. Do you consider, in view of this, that enough 
time and study were devoted to the preparation of de- 
signs? 

A. Yes. We took all the time considered necessary 
for the study and preparation of plans, and I believe Mr. 
Cooper’s office also took all the time that they con- 
sidered necessary. 

Q. To your personal knowledge, was Mr. Cooper's 
examination and criticism of plans aggressive and did 
he insist on discussion of all matters in which ques- 
tions arose? 

A. Yes. The examination of details and plans by 
Mr. Cooper’s office, I believe, was conscientiously and 
carefully done. Discussions often arose, but Mr. 
Cooper’s decision always prevailed. 

Q. Were all plans to your knowledge approved by 
the Consulting Engineer? 

A. Yes. 

Q. In any instance were plans sent to the Phoenix 
Iron Company before the approval of the Consulting 
Engineer was. obtained and was any fabrication com- 
menced prior to such approval? 

A. In a few instances and late in the work, plans 
were sent to the shops for preliminary work before the 
actual approval by the Consulting Engineer; so that we 
would be prepared to carry on the work promptly. This 
was done only in the case of plans of which the design 
and detail had already been established and approved by 
the Consulting Engineer. We took the risk of possible 
alterations by him. But in no instance was a single 
member of the bridge actually completed which was not 
in accordance with the final approved plans. 

Q. Was the design of details of the lower chord dis- 
cussed with Mr. Cooper and was his opinion specifically 
obtained on the latticing and other details and, if so, 
please state fully what took place? 

A. Yes. I had no interview with Mr. Cooper on this 
subject, but I instructed our Designing Engineer par- 
ticularly to submit the question of size of latticing of 
chords to Mr. Cooper. Mr. Szlapka later reported to 
me that he had an interview with Mr. Cooper on this 
point and Mr. Cooper advised him that the lattice 
angles were correct as shown on approved plans. Mr. 
Szlapka will give you the details of his interview with 
Mr. Cooper on this point. 

Q. We understand that the Phoenix Bridge Co. main- 
tained an independent inspection of the shop work done 
by the Phoenix Bridge Co. Please file a copy of the 
record of the errors detected by your inspector. 

A. An independent inspection was maintained and I 
herewith submit the daily record. Every error, how- 
ever small, is noted in that book and all these errors 
were corrected before the work left the shop. 

Q. Were all errors reported satisfactorily corrected 
by the Phoenix Iron Company? 

A. Yes. 

Q. What precautions were taken to insure the safety 
of the bridge members in handling and in transporta- 
tion? What measurements were made at the bridge 
site to detect distortion or injuries occurring to mem- 
bers in transit? 

A. Special precautions were taken to insure the safety 
of the bridge members during handling in transporta- 
tion. We consulted with the Superintendent of Motive 


Power of the Pennsylvania R. R. Co. and devised with 
his representative special schemes of loading. All large 
and heavy pieces were the subject of special considera- 
tion with the transportation companies. All members 
were carefully inspected as to distortion and injury 
during transit, after the members arrived at bridge site 
and before they were erected in place. I cannot say 
just what measurements were made in the course of 
this inspection, This inspection was by the representa- 
tives of both the Quebec Bridge & Railway Co. and 
the Phoenix Bridge Co. 

Q. Please file a full list of all members injured in 
handling or in transit with a statement of what sub- 
sequent action was taken in each? 

A. Only one member was injured in transit, being 
the shell frame south anchorage. The repairs to this 
member were explained in detail in the evidence of 
Mr. A. B. Milliken. One member was injured in hand- 
ling at south storage yard, being chord 9 L anchor arm, 
repairs of which have been covered fully in evidence. 
One member was dropped in handling in the shops, 
slightly injuring it and one or two other smaller mem- 
bers. Thorough repairs were made, all as shown in 
detail in the shop inspector’s report. These members 
were thoroughly repaired under the direction and to 
the satisfaction of the inspectors, 

Q. Please file a complete list of ‘‘fleld corrections” 
reported from the bridge site. (Filed.) 

Q. Please file a statement compiled from your weekly 
records showing the weight removed from and added to 
the cantilever arm and suspended span during 1907. 
(Filed.) 

Q. Please give a statement with dates complete show- 
ing fully Mr. Birks’ experience and the nature of the 
work upon which he had been employed. 

A. A statement of Mr. Birks’ experience in no sense 
conveys a proper estimate of his ability, which was 
unusual for a man of his years. He was specially fitted 
by character and temperament for the work entrusted 
to him. His experience was as follows: 

On March 22, 1902, we received a letter from George 
F. Swain, Professor of Civil Engineering at Massachu- 
setts Institute of Technology, Boston, suggesting the 
name of A. H. Birks to us as a desirable man for our 
engineering department. He wrote as follows: ‘I also 
have an exceedingly good man who graduated in archi- 
tectural engineering and has been taking a post-graduate ~ 
course with me. His name is A. H.‘ Birks. Birks is a 
man of exceptional ability in this line and having taken 
all my work in structures is well up in bridge work as 
building work. He has also had some experience, hav- 
ing worked one summer with a bridge company and 
one year in an architect’s office, I believe. He is an 
exceptional man.” 

We gave Mr. Birks a position and he started to work 
in our drafting department and worked there for about 
six months. We soon found he had traits of character 
and ability that would fit him well for erection work, 
and he was transferred to the erection department Oc- 
tober 7, 1902. : 

Between October 7, 1902, and November 8, 1902, he 
was in the fleld on erection of plate-girder spans, N. & 
W. Bridge, Circleville, 0. December 1, 1902, to June 
15, 1903, on Central R. R. of N. J. bridges, Wheelers 
Lock, Parryville, and Glen Onoko (plate-girder struc- 
tures) and Lehigh River Bridge, Parryville (through 
riveted spans), June 18, 1903, to August 13, 1903, 
Southern Ry. bridges, Caswell, Tenn., Mascot, Tenn., 
Knoxville, Tenn., Alexandria, N. C., Wolf Creek, Tenn. 
Jefferson City (all plate-girder spans) and Tennessee 
River Bridge, Straw Plains, Tenn., 105 ft. (deck plate- 
girder structure). February 11, 1904, and during the 
month he was Inspector on Southern Ry. bridges—James 
River Bridge, Lynchburg, Buffalo River Bridge, Rap- 
pahannock River Bridge (ail through truss bridges). 
July 24, 1904, to Aug. 3, 1904, at Deepwater, French 
Broad River, Hot Springs, N. C., 264 ft. (through pin 
span) during the erection of the trusses. In March, 
1905, Jacksonville, Fla., examining sites of two Atlan- 
tic Coast Line R. R. draw bridges, securing necessary 
information for preparing erection plans, February, 
1906, New London, Conn., arranging method of erecting 
Jordan Cove Bridge. During the intervals not covered 
by above, Mr. Birks was engaged on erection plans and 
details in the office at Phoenixville. 

When the Quebec erection was taken up early in 
1904, Mr. Birks assisted in all the preliminary studies 
and continued on this work until the -entire plan was 
fully developed and settled upon. Many of the features 
of this erection scheme which worked out 80 success- 
fully in practice were due to Mr. Birks’ pecullar ability 
in this line. His familiarity with every detail of the 
erection scheme and the behavior of the trusses during 
erection, his thorough technical training, his absolute 
reliability, decided us to appoint him Resident Engineer 
of the erection and he was sent to Quebec in Septem- 
ber, 1904. He was on the work during the working 
season from that time until the date of the disaster, 
with the exception of the period during the erection of 
the main traveler, when Mr. C. W. Hudson wag resi- 
dent engineer. 
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Mr. Birks was fearless and was able to climb over 
the entire structure. He had a lovable character and 
that about him which instantly demanded respect and 
confidence. He could have his orders carried out readily 
without friction. It would be difficult to find a man 
combining the many traits of mind and character which 
so eminently fitted him for the position of resident 
engineer of erection. 

Q. Please file a detailed statement of all the long 
span bridges that have been built by the Phoenix Bridge 
Co. since 1890. 

A. The Phoenixville Bridge Works have constructed 
since 1865 about 610,000 tons of bridge work. They are 
the pioneers in bridge construction in the United States. 
Among the larger works constructed by them we men- 
tion the following: 

Pecos: Viaduct, Texas, Southern Pacific Ry., 2,080 ft. 
long, 326 ft. high (1869). 

Ohio River bridge, Cincinnati, 0., C. & O. Ry., one 
and one-half miles long, containing 550 ft. through pin 
span, the longest and heaviest truss constructed (1888). 

Harlem River Draw, New York City, 303 ft. through 
riveted. Turntable 60 ft. diameter, largest in the 
world (1896). 

Red Rock Cantilever, Santa Fe R. R., 660 ft. central. 
span (1890). 

Mississippi River Bridge, Rock Island, Ill., for United 
States Government. A double deck structure, 1,850 ft. 
long (1896). 

Cambridge Bridge, Boston, Mass., 11 plate arch spans, 
weight 16,000,000 Ibs. (1904). 

Omaha draw, 520 ft. through pin (1893). 

Sioux City Bridge, Nebraska, two 470 ft. draw spans, 
two 500 ft. through spans, 4,000 tons (1896). 

Manhattan Bridge, New York, 1,470 ft. central span, 
725 ft. side spans, 34,000 tons (not including cables) 
(1906-07). 

Q. Why were Mr. Cooper's suggestions of August 9, 
1907, for the repairs of the splices at 7 L and 8 L can- 
tilever arm, not adopted and promptly executed? 

A. After the lower chords, including the details of 
shop and field splices, were approved by the Consulting 
Engineer, the engineers of the Phoenix Bridge Co. and 
the Erection Department carefully considered the action 
of the field splices during connection of trusses and the 
camber movement of splices while members were re- 
ceiving their full dead load. A special camber blocking 
was designed and placed on falsework under each panel 
point. This blocking was easily adjusted and free to 
move longitudinally. Special consideration was given 
to the bolting before the riveting of splices. Full in- 
structions were prepared in advance of erection and 
incorporated in a blueprint book of instructions to the 
field force. The bolting was checked in person by the 
Resident Engineer and regular reports sent to Phoenix- 
ville. The action of the joints was noted and reported 
on printed forms as erection proceeded, by the Resident 
Engineer in charge of field instrument work. The ac- 
tion of joints was also noted specially by the Designing 
Xngineer and Assistant Engineer in charge of details dur- 
ing several visits to the bridge site. All of this was in 
addition to the regular erection supervision by the gen- 
eral foreman and his assistants. The splices were under 
the closest scrutiny at all times and they acted as ex- 
pected in closing to complete contact. No report was 
received at Phoenixville advising us of anything wrong 
in connection with any splice until August 8,. 1907, in a 
letter from Mr. Birks, dated bridge site, Aug. 6, 1907. In 
this letter he advised us that one of the inside ribs at bot- 
tom of splice chord 7 L—S8 L, cantilever arm, was bent 
out of line and enclosed a sketch of a diaphragm to be 
riveted between the ribs to hold them in their position. 
This proposed diaphragm was sent to Mr. Cooper by 
Mr. McLure on same date as it was sent to us, but he 
did not approve it—see telegram from him August 8, 
1907. Mr. Cooper never gave us any instructions con- 
cerning the matter. His letter of August 9 simply deals 
with ideas and you will notice by his letter of August 
18 that he desired before acting to get further informa- 
tion from his Resident Engineer, Mr. McLure. His 
letter of August 21 indicates that he had not yet reached 
a decision and the matter was still in this unsettled state 
when the accident occurred. There were no joints in the 
anchor arm where similar bend in rib was noticed, they 
all lined up true and satisfactorily. 

Q. Were Chords 9 L, anchor arm, and 9 R and 8 R, 
cantilever arm, in perfect condition when they left 
Phoenixville? 

A. Yes. 

Q. Were requests and suggestions made by Mr. 
Cooper with regard to tests, and to matters of erection 
always promptly considered and, when acted upon, was 
it with all possible premptness, giving specific in- 
stances? 

A. Yes. As instances: Special tests of eyebars in 
connection with deformation of eyes; water-gage levels 
for use at bridge site; investigation of top section of 
main post by Mr. Scheidl. 

Q. What is your opinion concerning the movements 
of the bridge when falling? 


A. Tbe position of the wreckage indicates to my 


mind that a compression member, a lower chord in 
anchor arm downstream truss, failed first and, immedi- 
ately following, the compression member directly oppo- 
site failed. The failure of these two compression mem- 
bers permitted the anchor arm to move two panels 
toward the river. The lower chord of cantilever arm 
being relieved of support forced the two shoes towards 
shore and broke off a lower section of main post. The 
downstream chord anchor arm failing first permitted 
the truss to drop vertically as well as horizontally and 
had a tendency to pull the higher parts of the super- 
structure down stream. The pinnacles at the top of 
main post are pointed in this direction. 

Q. Please explain the references in Mr. Birks’ letter 
of August 29, 1907, with regard to the telephone con- 
versation about stopping the work of erection. 

A. On August 29, 1907, we first learned from the 
letter of August 27 from Mr. Yenser that buckles were 
noticed in webs of lower chord 9 L of anchor arm. 
Consultation then took place at Phoenixville between 
the engineers, shop officials and inspectors, and it was 
determined that chord could not be bending from any 
excessive stress, as it was carrying only three quarters 
of the working load for which it was designed and ap- 
proved. We then called Mr. Yenser and Mr. Birks on 
the ’phone and advised them of our conclusion. During 
this conversation on the ‘phone they notified us that a 
portion of the bends had been in the webs for a long 
time. That since writing on August 27 they had care- 
fully watched and repeatedly examined the chords and 
found there was no further movement, and that they had 
proceeded with the erection without waiting for advice 
from us. As this action agreed with our own conclusion 
we told them we thought they had acted wisely in not 
stopping the erection.. Mr. Birks’ letter refers to this 
‘phone conversation. While a chord with bent webs, 
even though bends are slight, is not capable of perform- 
ing its functions as well as a perfectly straight mem- 
ber, the bends in chord 9 L noted on August 27, and 
of which we learned on August 29, were not such as 
to shake absolute confidence of years which all had in 
the entire structure. If the consulting engineer then 
believed there was imminent danger and that all work 
should be stopped immediately, it was not necessary to 
inquire whether Mr. A. B. Milliken was at site or not. 
Mr. Hoare had sent Mr. McLure to Mr. Cooper to report 
on the bends in chord 9 L and to receive his advice. 
Mr. Hoare was in Quebec and any message to him 
would have stopped the work instantly, as was done on 
a previous occasion by direction of Mr. Cooper. The 
testimony of others shows that Mr. Cooper on August 
29 no doubt had no thought of imminent danger. We 
all now see, what no one dreamed of before, that the 
compression chords were beyond any scheme of pro- 
tection on August 29 and were failing under less than 
half the load for which they were designed and ap- 
proved and were considered capable of sustaining without 
failure. While it is difficult it is essential, in order 
to reach an accurate judgment, to keep in view the 
frame of mind every one was in before August 29 re- 
garding this structure and its strength and the respect 
and confidence all had in the engineers responsible for 
its design and detail. 

Q. Was the bridge in all particulars designed by 
the engineers of the Phoenix Bridge Co. and were these 
designs fully approved by the Quebec Bridge Co. through 
their consulting engineer, Mr. Cooper? 

A. The bridge was designed in its general features 
by the engineers of the Phoenix Bridge Co. The de- 
tails of the bridge were worked out in connection with 
the Consulting Engineer, to agree with the modified 
specifications which he had prepared, and all plans and 
details wére approved by the Consulting Engineer, Mr. 
Cooper. 

Q. Please file the reports showing the condition of 
the joints in November, 1906, and also a similar report 
to August 29, 1907. At what date was the joint 8-9 
L anchor arm riveted? 

A- Reports herewith show the condition of joints 
November, 1906, and also a similar report of August 
29, 1907. Joint 8-9 L anchor arm was riveted June, 
1907. 

Q. The contract for the main spans was signed 
June 18, 1903, and called for the completion of the 
work by December 31, 1906. Was the time allowed, in 
your judgment, sufficient for the satisfactory carrying 
out of the work? Did Mr. Cooper express any opinion 
to you concerning this? 

A. The time for completion in our contract of June, 
1908, was given as December 31, 1906, and was fixed by 
the Quebec Bridge Co. We believed this time was too 
short and would not agree to be bound by it, and on 
the date the contract was executed letters, which have 
been submitted to you, passed betwen the two compa- 
nies extending the time to Dec. 31, 1908. Mr. Cooper 
subsequently expressed his opinion in this connection 
saying four or possibly five years would be required for 
the construction of the bridge, this long time being re- 
quired because of the short working season for erection, 
and not because of other construction demands. As 
a matter of fact the Phoenix Bridge Co. was unable to 


start on the work as early as had been exp: 
cause of the delay in the completion of the 

proach to the bridge, and hence notwithstar 
diligence on its part the work could not ) 
completed for some time after December 31, 1() 

Q. Please state the circumstances that .. 
the letter to you from Mr. E. A. Hoare, dated 
20, 19067 

A. Mr. Hoare’s letter of October 20, 1906, 
forth by correspondence I had with Mr. Mj 
connection with the demand which Mr. McLure }, 
to him to stop certain work on falsework of sou! 
arm, after Mr. Milliken had received instructjo, 
me over the ‘phone to proceed with this work 
It was work which demanded prompt attention . 
not of such an important character as to cal] fo, 
on the part of the consulting engineer; and whi). 
a change from our original printed instructions, : 
only such a change as might be looked for in » f 
this character. Mr. McLure was fully informed ; 
our erection methods, etc. In this particular {, e 
there was no opportunity to advise Mr. McLure | i 
vance. Mr. McLure or any other representative 
Quebec Bridge Co. could have had the work stop). 
communicating with his superiors. The corresp: 
which you have will give you further details. 

Q. Is there any known system of bridge erectio at 
could eliminate or modify the camber system ai) ..4 
by you in the erection of the Quebec bridge, ani 
the system adopted by you after careful study ani 
culation, the proper mechanical method to adopt? 

A. I know of no system of erection of a stiff ; 
which can be carried out without some form of a 
ber system. It is a mechanical necessity. This s) 
bas been used with success from the beginning of br | 
construction, and in the Quebec Bridge was worked! out 
in greater detail than ever before. A special cater 
blocking at each panel point enabled us to keep the rk 
in absolute control. As the dead load was applied and 
changes in anchor frame were taking place, the 
of all joints was watched and reported and we found 
that the truss was behaving exactly as expected and 
it continued to do so up to the time when al! joint 
had a full and complete bearing. 

Q. Is a statement that the Phoenix Bridge Co. had 
promised both the Quebec Bridge Co. and the Dominion 
Government to complete the bridge in 1908 and wa 
therefore pressing the work with all speed consis: 
with safety, a correct statement of facts? 

A. The Phoenix Bridge Co., when asked at the 
of signing the contract and later, assured the Qui!» 
Bridge Co. and the Government that it would us 
every effort to complete the bridge within the contract 
period, but no promise was made to do so. 

Q. Please state what technical knowledge of per- 
manent value to the engineering profession has been 
obtained in connection with the construction of the Qué 
bec bridge? 

A. It is too soon to give in any proper manner ‘he 
“‘technical knowledge of permanent value to the cng 
neering profession’’ which will grow out of th: 


struction of the Quebec Bridge and the disaster of 
August 29. 

Q. We understand that the bridge was struck by 
lightning on more than one occasion. Will you please 


say what effects were observed due to lightning and 
do you connect them in any way with subsequent events’ 

A. During the construction of the work lightning 
struck the wooden derrick at top of main traveler, de- 
stroying the mast but doing no other damage. [Light- 
ning also struck the end of the traveler which was 
raising falsework on north side, damaging the end of 
traveler only. These two occurrences had no connection 
with subsequent events. 

Q. Did you interest yourself in any way at any time, 
and when, in any attempt to negotiate or dispose of 
securities of the Quebec Bridge Co., and with what re- 
sult? 

A. At their request we introduced the officers of 
the Quebec Bridge Co. to bankers in this country. At 
the time the Quebec Bridge Co. desired to dispo-e of 
their securities. Nothing definite came out of these ne- 
gotiations. 

Q. What was the reason for the failure of these n° 
gotiations, and what reasons did the parties give for not 
taking up the project? 

A. As I remember, the experts of the bankers re 
ported at that time that they did not find a suf ent 
possible traffic in the near future to pay intere a 


mate value of the property, but the returns were ‘9 ' 
mote for bankers in this country. 

Q. Did you fully consider the Quebec Bridge ‘o.'8 
project at this time from a business standpoint a: ! did 
you approve it after you had made your invest!: ©": 

A. At the earliest date I had personal confid:» © 10 
the Quebec Bridge Company's project and strony» 
proved of it to the officers and directors of my .°™ 
pany. 
Q. Was the executive work in the negotiat!:: and 
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cart out of the contract done by you on the part 
of »oenix Bridge Co.? 

A » executive work in connection with the nego- 
tia and carrying out of the contract was done by 
= your negotiations with the Quebec Bridge Co. 
aid find that all matters were conducted on a purely 
bu basis? 

all negotiations with the Quebec Bridge Co. all 
mp were conducted on a purely straight, business 
b 


ray 4 you receive any favors over your competitors? 


Tes cony of CHARLES SCHEIDL, Assistant Engineer 
of the Phoenix Bridge Co. 


[Substantially in Full.] 


y>e eourse of the detail designing of the 
Quebee Bridge is fully outlined in the testimony 
of Mr. Scheidl, the Assistant Engineer in charge 
of this work. This narrative has perhaps less 
relation to the collapse of the bridge than tne 
testimony of the other witnesses, but it is of very 
hich interest in bringing before the mind the 
great intricacy of the work described and 
indicating the care and thought bestowed upon 
it. It helps to explain the fact noted by all those 
who examined the wreckage of the bridge, name- 
ly that all joints and connections—except, per- 
haps, the chord splices—exhibited a wonderful 
degree of resistance, and in most cases, indeed, 
stood the fall without injury. Mr. Scheidl and 
his immediate superior, Mr. Szlapka, are re- 
sponsible for the character of the details. Both 
have been in the employ of the Phoenix Bridge 
Company for many years. Mr. Scheidl came 
to Phoenixville in 1883, after four years engtnecr- 
ing work in Germany and America, preceded by 
a course in a German technical college. He was 
placed in charge of the drafting work of the 
Phoenix Bridge Company in 1889, and has held 
this position since then. 

The examination of Mr. Scheid] was not put in 
the form of specific questions, but for convenience 
he was allowed to prepare a connected state- 
ment of his part of the work on an understand- 
ing with the Commission as to the scope of the 
statement. 


I, PRELIMINARY OFFICE WORK.—The first step in 
connection with the detail work for this structure was 
to go over the outlines of the bridge, at the same time 
looking over the general stress sheets. The first thought 
was: How will the suspended span be connected to 
cantilever, how supported by it, and is it to swing free 
at one or both ends? Next my thoughts were given 
to details of shoes for main posts and then follow the 
anchorages. In building this structure one naturally had 
to find first the manufacturing limits of existing bridge 
plants regarding: 

1. Tension members.—It had been decided to use 15- 
in. eye-bars as best suited for this bridge and it was 
found that a 12-in. round pin was the limit at that 
time on account of the large size of such eyebar heads. 
Yet it was known that the top chord of anchor and 
cantilever arms must be composed of a broad chain 
of eyebars of dimensions hardly ever used before. The 
packing of top chord eyebars had, therefore, to be so 
arranged that a 12-in. round pin would satisfy all the 
requirements of the specifications, while for built-up 
members any size of pin could be used. 

2. Compression members.—The building of compres- 
sion members seemed at first to involve no difficulty 
whatever, but as soon as some of the connections had 
been studied it was found that more than one pin 
ata panel point must be used for any successful de- 
tail and for safe erection, and the question of links 
presented istelf at once. Through the attachment of 
links for eyebar connections these compression mem- 
bers assumed such dimensions that the question of 
transportation became a most important consideration. 
The carrying loads and clearances of the different rail- 
‘sy companies transporting material to Quebec had 

be studied before any large compression member 
could be detailed. 

Keturning to the detailing of suspended span, one 
eod had been arranged fixed while the other end moved 

& nest of rollers. This roller arrangement caused a 
‘sy detail at end of cantilever, besides which the end 
frosts of suspended span could not be braced properly 
‘rt the floor line. Moreover, great difficulty was ex- 
‘enced from the eccentric loading in a longitudinal 
cetfon, caused by the movements principally due to 
‘“eperature, but also due to deflection of trusses, which 
“ovement might have been further increased by some 
“got error in not building main piers 1,800 ft. c. to c. 


~ 


~ * Movement amounted to about 2 ft. Finally, the 
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erection of such a roller end would have involved addi- 
tional difficulties and it was found that the use of 
swinging end posts would give the best results. 

The next question was how to provide for the transfer 
of wind stresses from suspended span to cantilever arm. 
Such a transfer was made at first in the four bottom 
chord ends of suspended span, but this scheme had to 
be abandoned because of the difficulty of making these 
arrangements in both trusses work simultaneously. 
Finally, a design with only one transfer of wind stresses 
per span end was decided upon as it gave safe and de- 
terminate results, 

All the different panel points of the suspended span 
were now detailed, and exact pin packings made, etc. 
This suspended span, though larger than ordinary 
long spans, presented no special difficulty. The erec- 
tion problem could at this time be gone over only 
in a general way. 

The details for the suspended span were those gen- 
erally used. The details at intersections of top of 
hangers and top of sub-posts were first tried with 
one pin, but the connections made the one pin very 
long and the connected members had undésirable, long, 
weak jaws, while with the introduction of links the 
hanger and sub-verticals could be connected in a most 
satisfactory and substantial manner to the transverse 
bracing, giving greater stiffness. Besides, the diffi- 
culties of erection were reduced, as otherwise the 
traveler would have had a much greater overhang 
and this would not only have increased the weight of 
the traveler, but also the weight of the structure. It 
was the intention at this stage to try some toggle ar- 
rangements for adjusting suspended span halves during 
erection. 

The next study was that of the arrangement of the 
top chord packing for cantilever and anchor arms. 
Links fast to posts for diagonal eyebars were deemed 
necessary. The question of using two pins for top 
chord connections at main post of cantilever also arese 
and it was proposed to use only one pin at these apices. 
The details of the principal panel connections were 
drawn out next. The links for connection at bottom 
end of diagonal eyebars were first designed fast to 
bottom chord as being more desirable and smaller in 
size, but this scheme had to be given up as the con- 
nections of floor beams to post and bottom chords 
came weaker, while links fast to posts gave a splen- 
did connection between floor beams and posts. This 
obviated the necessity of having end stiffeners on floor 
beams shipped loose as depths of floor beams exceeded 
shipping limits. After all these apices had been 
sketched out and the packing plans for trusses com- 
pleted, the main shoes and main posts were gone into. 
Extraordinary dimensions were required for the pedes- 
tals under the main shoes to properly distribute such 
an enormous weight over the masonry. The original 
idea was to build each tier of pedestals in one piece, 
but shipping limits forbade this and special milling 
machines had to be constructed. The shoe had been 
so designed that all loads passed through its pin, but 
the scheme of letting the main post bear directly on 
the pedestals while shear from bottom chords only passed 
through shoe pin was considered too. Special attention 
had been given to transferring all wind loads collecting 
near shoe into masonry. The detail at top of main post 
was at first tried with one pin, but two pins were 
found necessary. The main post had been so designed 
that the placing of its ribs gave the best resistance 
to bending of that part of post where transverse. brac- 
ing had to be omitted for passage of trains and wagons, 
while ribs of posts near top and bottom hei to be 
placed in a longitudinal direction. 

The details for connection of top laterals, top trans- 
verse strut and top chord should be specially men- 
tioned as many devices were sketched out before a se- 
lection was made. : 

The anchorages had already been built with a liberal 
allowance at that time for any increase of uplift and 
alse the two 214-ft. approach spans had been built. 
These items require no special notice here. All this 
preliminary work had been done during January, Feb- 
ruary and March, 1902, by myself, and I was always 
in charge of all detail work of this bridge. 

Il. PRELIMINARY DETAILING.—After the receipt of 
the revised specifications preliminary work, showing 
practically final results, commenced in July, 1903. 

The first step was to determine normal lengths of 
all bridge members. As trusses had not a single hori- 
zontal member, all inclined members were designated 
by ordinates and co-ordinates expressed exact in feet 
and inches. The elevation of any panel point could 
quickly be checked without knowing the length of any 
inclined member. Next in order, preliminary drawings 
of all plate and trussed floor beams and of all stringers 
were made and sent for approval. The execution of 
these floor beams and stringers was most elaborate with 
reference to the spacing of rivets in webs and cov- 
ers, taking care of end shear, net sections, etc. Then, 
details showing type of transverse bracing were made 
for approval; also, details showing very clearly main 


shoes, pedestals, connecting chords, and bracing of 
same. 

The arrangement of eyebars for the anchor arm required 
considerable time and study, as the bending moments on 
pins had not to exceed the allowed values of a 12-in 
round pin. After some packings had been arranged 
aud the problem of manufacture studied caréfully, the 
final decision was to have no eyebars thinner than 1\% 
ins., nor thicker than 2 1-16 ins. To avoid additional 
stresses on eyebars the skew in regard to center line 
of trusses had not to exceed 4 ins. in 50 ft. If the 
skew could not be kept within that limit on account 
of clearances for bridge, eyebars were bored skew to 
eliminate additional stresses in eyebars and the method 
of marking such eyebars was most distinct and precise 
so as to make sure that any such bars would not be 
placed the wrong way in the bridge. The sides of these 
eyebars were marked before being removed from the 
boring machine and the heads were painted “Inside” 
and ‘‘Outside’’ with different colors. It is needless to 
say that the calculations for packing all top chord eye- 
bars was a most tedious and time-swallowing operation. 

In all cases the desire was to avoid difficult calcu- 
lations by placing eyebars so that moments could be 
reduced to zero as often as possible. All eyebars 
were so grouped and ribs of chords were so divided as 
to get 2, 3, 4, or 5 (or even half sets) equal sets; in 
other words, all ribs at connections were packed alike, 
and, therefore, stressed alike. In all top chords the 
stresses coming from diagonals were counterbalanced 
by eyebars in chords placed so that this transfer was 
practically direct, while the rest of the chord eyebars, 
getting their stresses from former panel points, were 
side lined. 

The details for anchorages were worked out next. The 
method of transferring wind shear at end of anchor arm 
to masonry had been made through checks between end 
floor beams and top strut of wind bent. The uplift 
caused from wind had been taken care of by means of 
long foundation bolts. This wind uplift was finally 
ordered to be taken care of by the main anchor bars 
themselves, and only the horizontal transverse shear 
was resisted by foundation bolts. The transferring of 
wind stress from end of anchor arm to top strut of 
wind bent was finally accomplished by means of a 
tenon girder which had a roller bearing against top 
strut of wind bent, and could move in any direction, 
whether the movement was caused by temperature or 
by change in the loading of the bridge. 

The lengths of all stringers were determined, then, 
by calculating the length of chords for all the different 
ways of loading and finding therefrom the lengths of 
stringers according to their elevation between chords. 
These stringer lengths were fixed so as to give the least 
bending in floorbeams. The result was that every other 
panel had an expansion joint. At expansion joints the 
railway stringers only were fast to the floorbeams on 
one side, while all other stringers were slightly loose 
so that bending of floorbeams could not take place in 
the short distance between chords and nearest stringer. 

At this stage the preliminary detail of all anchor arm 
panel points was started, commencing with the end 
bottom chord. All these plans were made in a most 
eicborate manner; all stresses, pin bearings, number of 
rivets, calculations for each, etc., were clearly given 
on each’ drawing. All ribs of chords were so arranged 
as to divide each truss connection into two, three, four 
or five equal ribs, so that each got its proper share from 
diagonals; in other words, all roundabout connections 
were avoided to secure the simplest and most direct con- 
nection in all cases. 

Though all main posts consisted of only two ribs, the 
ends had to be provided with four or more ribs for 
proper chord connection. At bottom of posts the floor- 
beam shear was transferred to all four ribs in the most 
direct manner. 

Sub-posts and hangers were built of only two ribs 
throughout, but where they were connected, for in- 
stance, to a four-rib detail, each rib got quarter of 
the stress in vertical and horizontal direction. Wher- 
ever additional ribs and posts were placed all such 
connections fully provided for shear, chord stresses, 
etc. The bearing values on pins had been made 14 
times the allowed stress, but this was later changed ta 
1% times the allowed stress. Shear on pins was made 
% times the allowed stress. The net section through 
pin-hole was made first 14 times and later 1.3 times 
the net section of member, while the net section back of 
pin-holes was made ™% of that through pin-hole. In 
determining net sections through pin-holes not only 
rivets directly opposite pin were considered, but the plac- 
ing of any rivets in such links was most carefully 
followed throughout. The net sections of all riveted 
tension members were found by assuming the rupture 
to take place through any diagonal line of rivet holes 
where the net section does not exceed by 30% the net 
section of the transverse line. All panel points of 
anchor arm had been sketched out in the most studious 
way. Most points were shown giving several ways of 
making the connections until a final one had been se- 
lected. As these sheets showed not only every detail, 
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but all the calculation throughout, it was an easy mat- 
ter for any draftsman to make final shop drawings there- 
from in a most intelligent manner. Neither pains nor 
time were spared in any of these preliminary details, 
for the anchor and cantilever arms and suspended span. 
Every detail had been clearly demonstrated in every 
conceivable manner before shop drawings were made; 
in fact, many of the draftsmen became disgusted with 
the never-ending trials to improve these details. When 
the details for anchor arm were completed and those for 
the cantilever arm partially completed the weights of 
all details were calculated by the computing depart- 
ment and final anchor arm stress sheets furnished. 

This was the beginning of the shop drawing period. 
Only the anchor towers had been shop detailed in the 
meantime, as sketched out some time previously. 

Ill. SHOP DRAWING WORK.—Before commencing 
the shop work on the anchor arm a clear understanding 
with the Erection Department had to be arrived at as 
to where the field splices had to be finally placed. As 
an overhead traveler, running on falsework and strad- 
dling both anchor arm trusses was provided for, the 
erection problem of the anchor arm was simplified as 
far as the office work was concerned. The work of get- 
ting out shop drawings for the larger traveler and steel 
falsework had been assigned to two other assistant 
engineers. 

For the cantilever arm and suspended span complete 
plans were got out showing the location of splices, the 
number of each piece in the order in which it was to 
be erected, temporary rods and struts and support of 
large traveler. A special drawing had been made for 
each position of the large or small traveler, and these 
drawings formed a binding contract between the Draft- 
ing Office and Erection Department. Before any shop 
drawing of the larger pieces could be made, sketches 
giving the extreme dimensions, weight, etc., had to be 
made for the different railroad companies. This took 
considerable time, as these companies had not only to 
determine if these large pieces could be shipped over 
their own lines, but if they could be shipped the whole 
distance from shop to bridge site. Such sketches were, 
in many cases, quite extensive drawings requiring much 
time in the office for preparation and often showing 
special beams, struts, castings, pins, etc., to rig up cars, 
without reference at all to the work in this line usually 
done by the shipping department. It was necessary to 
provide for the proper distribution of loads between(sets 
of wheels and to lay out railroad curves so as to make 
sure that links on posts, etc., placed in special well 
cars would not touch the wheels or be otherwise injured 
on sharp curves. 

The normal condition of truss shape had been fixed 
for a certain position of live-load giving practically 
the maximum uplift and all cambers were derived there- 
from. All angles and abutting splices were figured for 
this position so as to be sure that under full loading 
any extra initial stress would equal zero. 

Pin-holes for 10%, 12, and 14-in. pins were bored 
3-64 in. larger than size of pin. 

Pin-holes for 24-in. pins were bored 1-16 in. larger 
than size of pin. 

Pin-holes for 7 11-16-in. pins were bored 1-32 in. 
larger than size of pin. 

Pin-holes for 2 5-16-in. pins were bored 1-50 in. 
larger than size of pin. 

In determining the length of eyebars the first correc- 
tion was for camber, the second for permanent set, the 
third correction was on account of play in pin-holes and 
in eyebars placed skew the fourth correction was for 
skew. The permanent set in eyebars was determined by 
a series of tests. The correction for permanent set in 
anchor eyebars was 3-64 in. per head, while for the 
rest of the bridge 1-32 in. only was used, as the eyebars 
were finally made of a higher ultimate steel. The cor- 
rection in built lengths was 1-32 in. for each eye. 

All posts with link attachments involved additional 
work in determining the lengths as the exact position of 
pin in pin-hole for chord connection had to be found 
first, and correction in all directions was made there- 
from. In all cases the distances c. to c. of pins repre- 
sented the lengths of members and not the distances 
c. to c. of pin-holes. In posts with links the eye con- 
necting to chords had to fulfill all the requirements 
of a regular tension link to suit the resultant stresses 
of chords. 

All rivets were determined by these values: 

For shop rivets, 1.5 times allowed stress for bearing 
value; 0.75 times allowed stress for shear. 

For field rivets, 1.1 times the allowed stress for bear- 
ing value; 0.55 time the allowed stress for shear. 

To get the proper elevation of bottom chord for erec- 
tion purposes the deformation of the anchor arm was 
found according to Williott’s method. It was assumed 
at first that the main post was plumb and that the 
whole anchor truss rotated around the pin of the main 
shoe until the end bottom chord pin could be connected 
to the top of anchor eyebars. For this purpose a rotation 
diagram was constructed which gave the location of 
every apex after rotating the truss. For the purpose 
of jacking up the trusses special jacking blocks were 
provided for two 500-ton jacks per panel point. » 


To get deformation diagram in the most exact manner 
all the vertical members had to be corrected again for 
compression, as they carry heavy top loads during erec- 
tion, while for all diagonals and chords a position for 
pins in pin-holes had been assumed which seemed most 
probable. 

As the bottom chord is 4% ft. deep the abutting splice 
ends could not fit exactly as they were designed to fit 
perfectly under full load. Therefore, these differences 
had to be calculated and % of the amount considered 
as an increase in chord length. These openings were 
intentionally made only half the amount that had been 
figured. In like manner the deformation of trusses was 
found for any position of the traveler on the cantilever 
arm or suspended span; also, for final position under 
dead-load, dead-load + live-load, and according to tem- 
perature. The result was that the horizontal movement 
due to temperature was the greatest, the changes from 
dead-load or live-load seemed small and the vertical 
movements did not affect the detailing to any appreciable 
extent, 

For erection of cantilevers the tops of main posts 
were provided with two pins giving an improved and 
safer method of erection. 

For adjusting suspended span halves during erection 
two 1,250-ton jacks were provided at each end of bottom 
chord. For the same purpose a toggle arrangement 
worked by two 500-ton jacks was provided at each end 
top chord of cantilever. The bottom panels of suspended 
span half to be erected last were built of eyebars, while 
all other chords had to be of built section. By means of 
this arrangement the bottom chord could be erected 
completely, although the end distance was too little, 
as truss halves were jacked up and no fine adjustment 
would have been required. The last diagonal of sus- 
pended span had a special pin connection for quick con- 
nection, although the joint was to be a riveted one 
finally. The details of the suspended span were still 
further improved by making most of the joints riveted 
connections. Of course, diagonal eyebars were connected 
by pins. This method simplified the erection. As soon 
as two members had been erected final connection could 
be made and they were self-sustaining. 

In getting out the shop drawings for this bridge 
only a small force of expert draftsmen was selected 
at first and the number was gradually increased. It 
required three years to complete the office work. It 
was thought best not to subdivide the work among dif- 
ferent assistant engineers, but to give one man full 
charge from beginning to end. All drawings were pre- 
pared under his direction, and whenever a drawing was 
completed it was examined by him carefully in regard 
to lengths, sizes, strength of all details, notes for 
shops, inspectors and transportation. It was only then 
that these drawings were forwarded in duplicate to the 
Consulting Engineer for his approval. If approved, 
seven additional prints of complete, checked drawings 
were sent to the Consulting Engineer for ~his approval 
and six copies were returned by him to the Bridge Com- 
pany, who sent five copies to the Chief Engineer of the 
Quebec Bridge Co. The Phoenix Bridge Co. received 
one print back approved by the Dominion Government, 
The drawings were made in such a manner that all in- 
formation necessary for the proper execution of the 
work in the shop was given, as clearances, notes ex- 
plaining any peculiar detail or calling attention to all 
important dimensions regarding width, depth, etc., and 
information for the sole use of inspectors. 

In building some of the posts with many heavy top 
links, where a large number of plates form one link, 
these links were bound to vary in thickness. The col- 
lars for pin packing were only ordered after each post 
was built and the clearances reported to the office. 
The second checking of finished drawings in regard 
to spacing rivets, fitting to other members, etc., had 
at first been done by the assistant engineer in charge, 
but this work was then assigned to other assistant 
engineers, thus relieving the one in charge of this 
burdensome work and giving him more time for the 
preparation of drawings. 

As the checking of drawings had to be done by dif- 
ferent assistant engineers, some doubt arose as to 
whether some errors might not occur as a result, but 
thus far the part of the bridge erected has proven 
that the checking has been done in a most excellent 
manner. 

At no time during the progress of the office work 
were more than 18 men working upon it at a time. If 
twice that number had been employed the result would 
have been the same. The rate of progress depend¢1 
upon the rapidity with which the person in charge 
performed his work. 

As said before, the preliminary details were made 
with all calculations and the best results were obtained 
in preparing the final details. Every draftsman who 
was employed in the preparation of the drawings for 
this bridge will testify to the unusual care which was 
taken to bring this work to a successful conclusion. In 
comparing the details of this bridge with those of ex- 
isting long spans with pin connections, one finds, for 
instance, at the intersection of diagonals with hangers 
and secondary posts, a large number of forked members 


with long, thin jaws, packed on one pin, w! 
tainly does not give the impression of good, 
nection. We have striven, in preparing +) 
for this bridge, to avoid members with |, 
forks. Even a casual observer will notice 

sence from this bridge, and it will also pb. , 
to him that a degree of stiffness in the connec. t 

been secured through the application of link. pt 
tained in similar pin bridges before. 


Testimony of PETER L. SZLAPKA, Designing | 
of the Phoenix Bridge Co. 
{In Full.] 

Mr. Szlapka has been engaged with the I 
of the Quebec Bridge for fully ten yea: His 
testimony indicates that he was working it 
as early as 1897 and since that time th. ib- 
oration of the successive designs and th. nal 
plans has occupied a large part of his tim. In- 
sofar as the Quebec Bridge can be said 
the work of one man, Mr. Szlapka is tha: 
The soundness of the bridge had become 
grained in his mind that, as he testifies, 0; ug. 
29, 1907, he was totally unprepared to s: ny 
symptom of failure in the bend of Chord ) L 
reported on that day. In the course of }) ox. 
amination, Mr. Szlapka filed a stress sh. for 
the conditions existing at the time of th. col- 
lapse. As quoted by the examiner in a « jj<e- 
quent question, this shows a stress of 18,()) Ibs. 
per sq. in. in Chords 9 of the anchor arn the 
stress under which they failed. Both Mr. [eans 
and Mr. Szlapka, it will be noted, hold that (hora 
9 of the right-hand (East) truss failed first, while 
Mr. Cooper believes that Chord 9 of the left-jianq 
truss was the first to go. 

Q. What is your official position in the } 
Bridge Co.? 

A. My official position with the Phoenix Brides (o. 
is that of Designing Engineer. 


Q. How long have you occupied this position” 
A. For the last 21 years. 


ineer 


em 


be 


i? 
in 


in- 


Q. When did you enter the Phoenix Bridge (os 
service, and in what capacity? How much time during 
this period have you spent in drawing office, in compu- 
ing department, in the erection office, and in field work 
work? 


A. I entered the Phoenix Bridge Co.’s office in 1Ss0 
as bridge draftsman. I spent six years in the drawing 
room and twenty-one years in the designing dart 
ment. I was not engaged either in the erection d part 
ment or in field work. 

Q. In your present capacity, are you the responsible 
Designing Engineer for the company? 

A. Yes. ; 

Q. Previous to entering the service of the Phoenix 
Bridge Co., will you please state, generally, what your 
experience in bridge work had been? 

A. I took a seven years’ classical course in a (er- 
man college, and a four years’ general engineering 
course in the Royal Polytechnic School, in Hanover 
Germany, and when entering the service of the Phoenix 
Bridge Co. I had the above thorough theoretica! col- 
lege training. 

Q. During the period you have occupied your present 
position, will you please state what large bridge -‘ruc- 
tures you have designed which have been built !y the 
Phoenix Bridge Co., giving dates and gener:! di- 
mensions? 

A. The following are some of the largest ‘ruc- 
tures designed by me, viz: 

Ohio River Bridge, at Cincinnati, Ohio, consis''»< of 
two (2) 490-ft and one (1) 550-ft double-track ()) ough 
spans, designed in 1888; the three spans weighin: over 
5,000 tons. 

Ohio River Bridge, at Louisville, Ky., consist < of 
three (3) 546-ft. single track through spans, b. 't in 
1890; the three spans weighing 2,700 tons. 

Tennessee River Bridge, at Decatur, Ala., one (1) 3S2- 
ft. draw span, built in 1901, weighing 500 tons. 

Tennessee River Bridge, at South Pittsburg, (00, 
built in 1906, weighing 650 tons, one (1) 436-ft. ©‘ugle- 
track through draw span. 

Bridge over St. Lawrence River, at Cornwa!! Ont. 
three (3) 365-ft. single-track through spans, >) ‘ '0 
1897, weighing 1,500 tons. 

Bridge over St. Lawrence River, at Cornwall), ©n'. 
main span, 840-ft. cantilever, built in 1898, w: /bing 
1,200 tons. 

Q. Please state your office engineering organ 1100 
in the course of designing, detailing and checkios your 
bridge work? 

A. The general design of the bridge was » pared 
in the Designing Department, under my pers: = ‘SU 
pervision. The work was then handed to Mr. ~ 
Engineer in charge of the shop drawings. T° ™*2 
features of the design were explained and = ™)!** 
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spec ons, as prepared by the Consulting Engineer, 
wert » to him for his guidance in designing the de- 
tail the bridge. After preparing the general pre- 
lim details of the most important connections, 
Mr. idl discussed same with me, and changes were 
ma \f found necessary. These preliminary draw- 
ings e discussed with Mr, Cooper and changes made 
as ced by him, After these preliminary details were 
esta ed to our complete satisfaction, an assistant 
engi and a number of first-class draftsmen (varying 


from ‘ve to fifteen) were assigned to Mr. Scheidl’s 
char who prepared the final shop drawings, using 
the ;.liminary plans for their guide. The final shop 
draw were only then considered as complete, after 
being .uanged as Many as seven or eight times, when 
they were entirely satisfactory to us and when we 
believ-d they could not be improved. The general cal- 
culations were checked twice in the Designing Depart- 
ment ond twice in the drawing room during the prep- 
aration of shop drawings. 

Q. ld you design the Quebec Bridge. 

A, Speaking in a general way, yes. The bridge is 
of such @ magnitude as to be beyond the ability and 
physical endurance of one man. The results achieved 
represent combined efforts on the part of all the de- 
partments of the Phoenix Bridge Co., under the di- 
rection of the Consulting Engineer, Theodore Cooper. 

Q. Was the regular organization of your department 
made use of in connection with the designing, detailing 
and checking of the Quebec Bridge, or was there any 
special organization for this purpose? Please state your 
process in detail, fully explaining all precautions taken 
to reach accurate results? 

A. The regular organization of my department and 
of the drawing room were entirely capable of deal- 
ing with the problem. No addition was found neces- 
sary. The shop drawings were first checked by Mr. 
Scheid!, the engineer in charge, as to strength, general 
clearances, facility of erection and connections with 
other members. The Assistant Engineer, under im- 
mediate charge of Mr. Scheidl, checked the drawings as 
to their correctness for all connections and for shop 
work. At certain stages of the work, when the draw- 
ings were too far ahead of the checking, as many as 
six engineers and five of the best draftsmen were used 
as additional help in checking. The few errors found 
during erection are the best evidence how carefully all 
the shop drawings were prepared and checked. 

Q. We understand that your plan No. 1 of the Que- 
bec Bridge, dated Nov. 30, 1897 (Exhibit No. 88), em- 
bodies information as to length of spans, cross-section of 
river and height of bridge. From whom did you re- 
ceive this information? 

A. The information referring to the length of spans, 
cross-section of river, and the clear height of bridge, 
was furnished by Mr. Hoare, Chief Engineer of the 
Quebec Bridge Co., on a plan which is in your posses- 
sion. 

Q. Please examine your plan No. 2, dated Dec. 7, 
1897, and compare it with the plan dated Jan. 13, 1898, 
and signed by Messrs. Parent, Barthe and Hoare and 
say if these two plans are identical as to superstruc- 
ture? 

A. Our plan No. 2, dated Dec. 7, 1897 (Exhibit No. 
89), is identical as regards the superstructure, with the 
plan dated Jan. 138, 1898, signed by Messrs. Parent, 
Barthe and Hoare. 

Q. Is the plan of Jan. 13, 1898, practically a copy 
of your plan of Dec. 7, 1897? 

A. Yes. 

Q. Please file copy of plan No. 1 and plan No. 2, 
and also copy of the plan submitted with the tender to 
the Quebee Bridge Co. in 1899 for 1,600-ft span. (Filed.) 

Q. Please file complete stress sheet and tables show- 
ing the unit stresses and net sections of all members, 
panel concentrations and estimated weight of struc- 
ture divided between anchor arm, cantilever arm and 
Suspended span corresponding with the design accom- 
panying your tender? (Filed.) 

Q. Was this stress sheet worked out exactly in ac- 
cordance with the specifications sent to your company 
by the Quebec Bridge Co.? 

\ In designing the 1,600-ft. span, the Quebec Bridge 

‘s specifications were followed in every particu- 

except as regards wind pressure under 30° to the 

ontal, which requirement was disregarded as un- 
arily severe, 

' Did the weights ascertained from your strain 
I agree with your assumed weights, and, if not, 

you please state in detail what process you use 

riving at your final stress sheet, which was the 
of your tender of 18997 ; 

The plans submitted with the tender being only 
approximate character, no recalculations were 
based on the approximate weight ascertained 
the first calculations. 

Was there any doubt in your mind at this time 

‘o the existence of data sufficient to enable engi- 

of your experience to design this bridge, espe- 
in regard to large compression members? 

No, I had no doubt on the subject, but, as stated 


l 


in the preceding answer, the first design was only ap- 
proximate and the minor details were not considered at 
the time, except a few of the most important general 


' points, which were given a careful study. 


Q. Was this the largest structure that you had ever 
attempted to design? bs 

A. Yes. 

Q. Im the course of the designing of this bridge did 
you consult with engineers outside of the Phoenix 
Bridge Co., and, if so, with whom? 

A. I did not consult with any outside engineers 
as to the design of the bridge, except with Mr. Theo. 
Cooper, Consulting Engineer. 

Q. On April 22, 1900, you prepared two plans, one 
indicating the river span as 1,723 ft. and the other 
indicating it as 1,800 ft. Will you please say what 
caused you to make these plans? 

A. About April, 1900, I received orders from Mr. 
John Sterling Deans, Chief Engineer of the Phoenix 
Bridge Co., to prepare a plan with a central span of 
1,800 ft. Not understanding that the length must be 
exactly 1,800 ft., the panel lengths working out better 
for a slightly shorter span, I selected a central span of 
1,723 ft., keeping the length between the anchorages 
2,800 ft., as required. After I was informed that the 
central span must be exactly 1,800 ft., I prepared 
another plan in harmony with these instructions. 

Q. Subsequently to April 22, 1900, you made several 
general plans of the Quebec Bridge, all of which show 
the river span at 1,800 ft. Was the change in span 
from 1,600 to 1,800 ft. entirely feasible from an engi- 
neering point of view? 

A. Yes, 

Q. When the 1,800-ft. span was decided upon, what 
recalculation of the structure did you make, and will 
you please file copies of your complete original stress 
sheets and tables for an 1,800-ft. bridge and anchor 
arm showing unit-stresses, net sections, load concentra- 
tions, and erection stresses; also, please attach to 
these strain sheets a bill of weights and the data show- 
ing dead, live, wind, and snow loads used in calcula- 
tions. What were your reasons for adopting the lengths 
of spans? 

A. During May and June, 1900, only the suspended 
span and the cantilever arms were recalculated for 
the new length of the central span, according to Que- 
bec Bridge Co.’s specifications. No table of weights 
was prepared at this time. As regards the lengths of 
the cantilever arms and the suspended span, the latter 
was made % of the main central span; the usual 
length of the suspended span varies from % to % 
of the central span. I selected the lower limit in 
order to reduce the erection stresses at the conrfec- 
tion of the suspended span with the cantilever arm. 
I also believe that this arrangement enhances the beauty 
of the design. The anchor arm was made 500 ft. by 
order of the Chief Engineer of the Quebec Bridge Co., 
which length appeared to be desirable in order to avoid 
reversed stresses in the top and bottom chords, accord- 
ing to the different positions of the live load. 

Q. Up to this time had there been any work done in 
the way of the designing of details, or were the details 
merely roughly estimated? 

A. The details were merely roughly estimated. 

Q. Was the study of the design what you would call 
complete, having regard to its unprecedented dimen- 
sions and also having regard to the fact that details 
had not been fully considered? 

A. A continuous study was given to the general de- 
sign, while the details were perfected as the work pro- 
gressed. The final design, I believe, cannot be im- 
proved upon. 

Q. When did you begin the study of details for this 
structure? 

A. Many of the details were roughly sketched out 
as early as 1897 and 1898. 

Q. What progress had you made in the study of 
details between January, 1902, and June, 1903, and 
did you find in the course of this study that the weight 
of the details was very considerably overrunning your 
previous estimate of weights? 

A. All important general details were drawn out by 
Mr. Scheidl, during 1902, as a basis for further study 
and perfection. The details at that time, not being 
final, their weights were not ascertained, in order to 
compare them with the rough weights of details assumed 
in the calculations. 

Q. During this period Mr. Theodore Cooper was Con- 
sulting Engineer for the Quebec Bridge Co. Did you 
confer with Mr. Cooper during this period on questions 
of design, and, if so, will you please explain fully? 

A. The outline of the bridge was discussed with Mr. 
Cooper fully. The lengths of the cantilever arm and 
the suspended span were approved by him, while the 
length of the anchor arm was specified by the Chief 
Engineer of the Quebec Bridge Co., governed by local 
conditions. The panel length, the arrangement of the 


web system and the depths of the trusses were dis- 
cussed and approved. Mr. Cooper was at first of the 
opinion that trusses inclined from the vertical would 
be preferable, so that the effect of any settlement of 


the main piers would not be as readily perceived as 
in the case of vertical trusses,-when one or both trusses 
might be out of vertical. This question was finally 
settled by Mr. Cooper in favor of vertical trusses in 
Oct., 1903. Another point raised by Mr. Cooper was 
the vertical end posts of the anchor arm. His attention 
was called to the fact that the vertical posts were 
preferable to inclined end posts, admitting of simpler 
details for end portals, and, at the same time, giving 
to the anchor arms the appearance of greater length 
than would be the case with the inclined end posts. 
This question was also settled by Mr. Cooper in favér 
of vertical end posts October, 1903. 

Q. In the final designs for the structure, were you 
striving to design the best bridge possible, or were 
you limited in any way as to the ultimate cost of the 
structure, and, if so, to what extent? 

A. In designing the structure, I followed closely Mr. 
Cooper’s specifications, put forth every effort to ob- 
tain the best results, and to secure the best bridge pos- 
sible, irrespective of ultimate cost, 

Q. Had you specific instructions on this point, and, 
if so, from whom and what were they? 

A. I have never received any instructions to sacri- 
fice any features of good design in order to keep the 
structure within any specified cost. 

Q. When business arrangements were made between 
the two companies, so as to justify you proceeding 
actively with the work in the Designing Office, what 
part of the structure did you commence your studies on? 

A. The floor system was figured first (July 1, 1908), 
followed by calculations of the suspended span (No- 
vember, 1903-February, 1904). 

Q. Will you please file a copy of the strain sheet (giv- 
ing the corresponding information asked for previously 
on the other strain sheets), which formed the basis 
of your detail design of the structure? (Filed.) 

Q. Were the data available at this time in regard to 
the weights of the cantilever arm and the suspended 
span sufficiently accurate to enable you to correctly 
design the anchor arm in detail? 


A. The weights of the cantilever arm and suspended 


span were then believed to be sufficiently accurate~ 
and were so approved by Mr. Cooper—to enable me to 
correctly design the anchor arm, Subsequently, when the 
suspended span and cantilever arm were developed, it 
was found that the actual weights were somewhat in 


excess of those assumed for the calculation of the an- 
chor arm. 

Q. At this period we find that certain modifications 
in the specifications were suggested by Mr. Cooper. Were 
these modifications discussed between you and Mr. 
Cooper? What modifications in the Quebec Bridge Co.'s 
original specifications did you suggest to Mr. Cooper and 
what provisions of the written specifications were set 
aside by Mr. Cooper's orders? 

A. On May 13, 1908, the Phoenix Bridge Co. received, 
a letter from Mr. Cooper, stating that he was ready to 
see Mr. P. L. Szlapka to talk over specifications for 
the main bridge. I visited Mr. Cooper on May 14, and 
received from him a full explanation of the loading 
and unit stresses to be used in proportioning the mem- 
bers of the main bridge. Mr. Cooper impressed upon 
me the importance of strictly following his specifica- 
tions, but, at the same time, to be prepared to consider 
special important features with him irrespective of the 
requirements of his written specifications. In view 
of Mr. Cooper’s proposition to use, for certain combina- 
tions of conditions, unit stresses as high as 24,000 Ibs., 
or % of an average elastic limit of 32,000 Ibs., I men- 
tioned to Mr. Cooper the fact that.a German professor 
(I do not recollect his name at present) proposed to 
use a fraction of the elastic limit for unit stresses 
for truss members afier first allowing for irregularity 
of shop work, for imperfect erection, for flaws in ma- 
terial, etc. A table showing extreme velocities of wind 
at various stations, as reported by the United States 
Government, from 1883 to 1893, for his consideration 
in discussing the question of wind pressures, I presented 
to Mr. Cooper. I did not suggest any modifications in 
the Quebec Bridge Co.’s specifications. After learning 
from Mr. Cooper his exact wishes ag to the loading and 
unit stresses, the calculations were begun on the floor 
system, followed by the 675-ft. suspended span. 

Q. Please file a copy of all modifications of the Que- 
bec Bridge Co.’s specifications which were approved 
by Mr. Cooper, and which were actually made use of 
and adhered to throughout the designing of the struc- 
ture, as to loading, unit-stresses, quality of material, 
and workmanship. (Filed.) 

Q. Did you fully concur in all the amendments made 
in the specifications, having in mind that you were 
endeavoring to produce the best possible bridge? 

A. The amendments made in the specifications by Mr. 
Cooper were not subject to my approval. 

Q. Will you please state the exact condition of the 
work of designing, what detail plans had been completed 
and approved by Mr. Cooper up to Oct. 1, 1904? 

A. Stress sheet, suspended span, approved by Mr. 
Cooper, March, 1904. Stress sheet, anchor arm, ap- 
proved by Mr. Cooper, June, 1904. General detail draw- 
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ing, suspended span, approved by Mr. Cooper, May, 
1904. All typical drawings of top and bottom panel 
points were prepared and approved by Mr. Cooper, May, 
1904. Plate floorbeams and stringers were approved, 
July, 1904. Shop drawings of two end panels were 
approved, August, 1904. 

Q. At this date had you completed the stress sheet 
for the cantilever arm or for the suspended span, and 
had you designed the main traveler? 

A. Stress sheet of suspended span completed Febru- 
ary, 1904. Stress sheet of cantilever arm completed 
December, 1904. Main traveler designed April, 1904. 

Q. Previous to October, 1904, we understand that 
you had completed the design of the anchor arm and 
that many of the detail plans had been approved by 
Mr. Cooper. What was the exact condition of the design 
of the cantilever arm at this date—October 1, 19047 

A. The stresses in the cantilever arm were figured 
with the exception of the erection stresses. 

Q. What was your practice in regard to issuing or- 
ders to the shop to proceed with work? Did you, in 
each case, await the approval of Mr. Cooper before 
commencing the construction of any piece of work? 

A. As soon as shop drawings were completed in the 
drawing room, and approved by Mr. Cooper, they were 
placed in the shops; and in some cases we did not 
await the approval of Mr. Cooper as has been correctly 
explained by Mr. Deans. 

Q. Was any work of construction commenced or ma- 
terial ordered before Mr. Cooper's approval of the plan 
was obtained, and, if so, state what was done or ma- 
terial ordered and why this course was followed. 

A. In order to insure continuation of the work in the 
shops and in the field, lists of materials and shop draw- 
ings were placed in the shops, in some cases, before the 
approval of the plans by Mr. Cooper, at the risk of 
the Phoenix Bridge Co., as has also been correctly ex- 
plained by Mr. Deans, 

Q. Was any work commenced in the shop, or ma- 
terial ordered before the plans had been approved by 
the Department of Railways and Canals, and, if so, please 
give details and say why this course was followed. 

A. For the same reason, materials were ordered and 
shop work commenced, in some cases, before tha ap- 
proval of plans by the Department of Railways and 
Canals. 

Q. Did you consider the approval of the plans by the 
Department of Railways and Canals a condition precedent 
to the fabrication of the bridge? 

A. No. 

Q. Please state when the fabrication of each of the 
lewer chord sections of the anchor arm was com- 
menced. 

A. Chords finished in the shops as follows: 

No. 1. Oct. 19-Oct 20, 1904. - 
2. Oct. 24-Oct. 27, 1904. 
3. Nov. 8-Nov. 5, 1904. 
4. Nov. 12-Nov. 14, 1904. 
5. Nov. 25-Nov.26, 1904. 
6. Dec. 3-Dec. 6, 1904. 
7. Dec. 18-Dec. 17, 1904. 
Dec. 24-Dec. 31, 1904. 
Jan. 7-Jan. 16, 1905. 


10. Jan, 18-Jan. 19, 1905. 
11. June 3-June 10, 


Q. Did you consider that the unit stresses used in 
the designing of the anchor arm, as determined under 
the revised specifications adopted by Mr. Cooper, were 
up to the extreme limit of economy in design and safety 
to the structure? 

A. Yes. 

Q. In finally developing the stress sheet for the canti- 
lever arm and the suspended span, did you find that 
the weights produced were in excess of those estimated 
in the design of the anchor arm? 

A. Yes, 

Q. Did these excess weights tend to increase the 
stresses in the anchor arm? 

A. Yes. 

Q. Was the detail design of anchor arm altered so 
as to meet these increased stresses? 

A. No. 

Q. Were the unit stresses in members of the anchor 
arm increased beyond the requirements of the spe- 
cifications above referred to? 

A. The weights of the suspended span, and of the 
cantilever arm, assumed in the first calculation of the 
stresses of the anchor arm, were smaller than the 
weights as finally obtained. Consequently, the stresses 
of the anchor arm, due to these increased weights, were 
increased, the anchor arm having been built in the 
meantime. 

Q. Please file a stress sheet of the anchor arm, indi- 
cating in detail any such changes in unit stresses. 
(Filed.) 

Q. Did you consider that these increases in unit 
stresses were still within the limits of safety? 

A. Yes. 

Q. Why was not the whole scheme of the bridge fully 
considered in detail before shop work commenced? 

A. This was not practically possible. General ex- 
perience enabled us to proceed without occupying valu- 
able ttme and the time limit precluded any such arrange- 


ment. This followed the usual course of business in 
such cases. 

Q. Having in view the unprecedented dimensions of 
this structure, was it the proper course to pursue, or did 
you pursue the ordinary course, as followed previously 
in connection with bridge building? 

A. The ordinary rule, which is imperative in all cases, 
irrespective of the unprecedented dimensions of this 
structure, was followed. 

Q. Whose instructions did you follow in adopting the 
above course, and what were the instructions? 

A. I received my instructions from Mr. Wm. H. 
Reeves, General Superintendent, and Mr. John Sterl- 
ing Deans, Chief Engineer, of the Phoenix Bridge Co., 
viz.: to place with the shops any shop plans as soon 
as approved, and to generally arrange the office work 
80 as to insure continuous working on the bridge, in 
the shops and in the field. 

Q. Were your relations with Mr. Cooper of a per- 
fectly cordial nature throughout the whole period’ of 
the designing and erecting of the Quebec bridge? 

A. Yes. 

Q. Did you freely consult him on all matters? 

A. Yes, 

Q. Was Mr. Cooper’s criticism of plans and design 
such as you might expect from an engineer of his ex- 
perience and ability? 

A. Yes. 

Q. Was Mr. Cooper aware of the exact conditions of 
design on Oct. 1, 1904, at which period he had approved 
the design of a large portion of the anchor arm, and was 
he aware that strain sheets for the cantilever arm had 
not been made? 

A. Yes. 

Q. Did he approve your assumptions of weights for 
the designing of the anchor arm, and, if so, we would 
like you to establish this fact? 

A. Examining the stress sheets thoroughly and 
finally approving same in every particular, Mr. Cooper 
certainly, by this very fact, approved every main fea- 
ture given on our plans; therefore, also, the assumed 
dead load. 

Q. Did Mr. Cooper complain to you at any time of 
the growing weight of the structure and with what 
result? 

A. No. 

Q. Did he order recalculations to be made, or, to 
your knowledge, did he make them himself? 

A. Mr. Cooper did not order any recalculations. Know- 
ing, however, that the weights assumed for calculations 
were exceeded by the actual shipping weights as re- 
ported to him by his inspectors, he, no doubt, made 
some calculations, as he remarked to me on one occa- 
sion during 1906 that “this fact did not amount to 
anything.”’ 

Q. Did Mr. Cooper intimate to you at any time that 
there was a limit which the cost of this bridge should 
not exceed, or did he complain at any time on the 
grounds of increasing cost? 

A. Never. 

Q. What was Mr. Cooper’s reason for complaining 
of the increasing weights? 

A. Mr. Cooper never complained to me of the in- 
creasing weights. 

Q. From your knowledge of Mr. Cooper, would you 
consider that he would associate himself with a work 
which was inferior in any respeet without protecting 
upon points which he considered inferior or inefficient? 

A. I would not suppose anything of this kind for 
a@ moment, recognizing in Mr. Cooper the highest type 
of an able and honest engineer. 

Q. What changes in general design or detail did Mr. 
Cooper suggest, and did these changes enhance the 
value of the structure or detract from its value? 

A. Mr. Cooper, amongst others, made the following 
suggestions: 

1st. Arrange anchorage of wind bent on anchor piers 
so that anchor bolts resist wind shear only, while the 
upward pull is transmitted to the anchor pier by the 
anchor bars only—Adopted. 

2d. Change friction (due to lateral wind pressure and 
change of temperature) between end floorbeam of an- 
chor arm and top strut of wind bent from sliding to 
rolling friction—Adopted. 

3d. Arrange expansion of floor system so that no 
undue bending is produced in the floorbeams—Adopted. 

4th. Arrange expansion between suspended span and 
cantilever arm, at both ends, instead of at one end as 
proposed by the Phoenix Bridge Co.—Adopted, but not 
considered an improvement by me. 

5th. Arrange packing of eyebars in top chord of an- 
chor arms, as per Mr. per’s two sketches—Not 
adopted. Found entirely faulty by the De- 
partment. The Phoenix Bridge Co.’s packing pted 
with very small modifications suggested by Mr. Cooper. 

6th. Provide wooden traction arrangement between 
suspended span and cantilever arms, as shown on Mr. 
Cooper’s sketch—Not adopted, as not being in harmony 
with the high standard of the rest of the details of the 
bridge. Its design is still open. Mr. Cooper urged 
the adoption of this wooden arrangement as it could 
easily be made by a track-walker and attended to by 
him in case of repairs. Not wishing to criticize Mr. 
Cooper’s scheme myself, I remarked that it might be 
criticized by the profession; to this Mr. Cooper an- 
swered “there is nobody competent to criticize us.” 

7th. Change lateral bracing in floor as wed 
Mr. Cooper’s letter—Not adopted, as inferior to 
Phoenix Co.’s design. 
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Q. Were you in any way hurried or ru: the 
preparation of the design or did you consider ime 
that you had ample time and opportunity . king 


all necessary studies in order to make the . per- 
fect? 

A. We were pressed in our office work, bu: 
sacrificed the perfection of the plans to ¢) 
ments of the shops or the field. I did co: 
we had ample time and opportunity for » 
necessary studies. 

Q. From your knowledge can you say that } 
critically examined all the plans submitted 
We would like to know from you your cand; 
on this point and if you felt that when you 
a plan from Mr. Cooper approved by him it 
scrutinized and analyzed as fully as possible? 

A. From my personal observations, I be!’ 
all plans were carefully examined in Mr. Coope: Ti 
either by Mr. Cooper personally, or by his ab). «ist. 
ant; the latter reporting on all important qu: 5 
Mr. Cooper. The fact that even unimportant m' hed 
connections did not escape the attention of Mr 
office certainly proves the thoroughness an! 
study bestowed on the examination of the pla: 

Q. Had you full confidence in Mr. Cooper Con- 
sulting Engineer and did you feel that in case doubt 
arising in your own mind consultation with Mr. ooper 
would assist you materially in arriving at def: con- 
clusions on points upon which you might have «crtain 
doubts? 


A. Yes. 

Q. Did you, during the design and constr: on of 
the bridge, consult Mr. Cooper on matters «uch as 
are referred to in the previous question and we's these 


consultations of material benefit to you in the 4: -igning 
of the structure? If you can give details, please do 
80. 
A. Considering Mr. Cooper one of the ablest and 


most experienced bridge engineers in the country, | dis- 
cussed fully with him all main features of the bridge 


His advice and directions were always soue!t and 
appreciated. 

Q. Was the design of the compression members partic- 
ularly discussed by you with Mr. Cooper, more e+ pecially 
with reference to the lower chords, and, if so. will 
you please state precisely what special points were dis- 
cussed in connection with these members and what 
were the circumstances that led to the discussion on the 
details of these members in particular? 

A. After the first sections of the lower chords of the 
anchor arms were constructed in the shops, Mr. leeves, 
President of the Phoenix Bridge Co., remarked, in our 
engineering office, that the lattices on the chords ap- 
peared too light and that they were liable to be in- 
jured or damaged in handling in the shops and trans- 
portation to site. I answered that lattices of any size 
might be injured and destroyed if carelessly handled in 
the shop or in transportation. This conversation was 
reported by me to Mr. Cooper. He answered that he 
looked into the question of the strength of the lattices 
while checking the plans and that ‘“‘we had it al! right.” 

Q. Were you unable to consult with Mr. Cooper at 
any time owing to the condition of Mr. Cooper's health? 

A. No. 

Q. How often did you go to New York to consult with 
Mr. Cooper? How often did Mr. Cooper come to Phoe- 
nixville? 

A. I visited Mr. Cooper about once a month. Mr. 
Cooper visited Phoenixville twice during the entire pro- 
cess of designing and constructing the bridge. 

Q. Was Mr. Cooper aware that it was the in‘ention 
to use the big traveler for erection purposes as far as 
the center of the suspended span and, if so, i» what 
manner was he made aware of this, and was le aware 
that all of the spans were figured with the big traveler 
in the center of the suspended span? 

A. Mr. Cooper was aware that it was the in'ention 
to use the large traveler for erection purposes as far 


as the center of the suspended span, from co! \&rsa- 
tions with me, and owing to the fact that he «proved 
the unit-stresses due to the erection based ©. the 


above condition. 

Q. Will you please file a strain sheet using ©» your 
data for dead-load stress the actual shipping © eights 
of material constructed, together with the conce»trated 
panel loads and the other information called fo: 2s 0 
the case of the other stress sheets? Indicate be net 
sections of each member on this stress shee: ‘n red 
as constructed and in black as demanded ‘y ‘he 
stresses under the specification to which you wer work- 
ing, and state generally what the comparison ‘wee? 
the results is? (Filed.) 

Q. What was the first intimation you had t). would 
lead you to suppose that any member in ‘'° bridge 
was showing distress? 

A. When my attention was called to the cu 4 con- 
dition of chord 9-L, south anchor arm, by * Birks 
report, enclosing a sketch of the chord, on A 29. 

Q. For what reason the repairs on © spiices 
at 7 L and 8 L, cantilever arm, not promp ynsid- 
ered and executed? 
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A. pairs were promptly considered and submitted 
} Cooper for his approval. His decision was 
awa when the bridge fell. 

Q. 4 you, throughout the construction of the work 
in «shops, keep generally in touch with what was 
beir me? Did you make a special examination of im- 
por members before they left the shop? Can you 
say it chords 9 L, anchor arm, and 9 R and 8 R 
cant ver arm, were in perfect condition when they 
left noenixville? If they were in perfect condition 
wh vey left the shops to what do you attribute the 


later .cformation of these members? 
A. . kept generally in touch with the construction 
of work. I examined carefully many important 


mem! rs before they left the shop. I am not able, how- 
ever, (0 state in what condition chord 9 L, south an- 
chor orm, or 9 R and 8 R, cantilever arm, left the 
shops. I do not know to what to attribute the deforma- 
tion the members, 

Q. Will you please file a stress sheet and indicate 
upon it all unit-stresses as existing in the bridge im- 
meds .ely preceding the accident of Aug. 29? (Filed.) 

Q. Assuming the bridge to have been successfully 
completed what would have been the unit-stress in 
chord 9, anchor arm? 

A. 21,200 Ibs. working stress, including live and 
dead load and snow. 

Q. In your judgment what was the weakest part of the 
structure, first, during erection, and, second, when com- 
pletely erected? 

A. The compression members of the bridge. 

Q. Where, in your judgment, did the initial failure 
take place? Please give your opinion as to the sequence 
of the fall of the structure? 

A. It appears reasonable to suppose that after the 
fall the center of gravity of the top mass of the metal 
should be on that side of the center line of the bridge 
on which the initial failure of any important truss mem- 
ber took place. This condition of the top chords actually 
existing clearly indicates to my mind that east chord 
section 9, south anchor arm, failed first, dragging the 
west chord, section 9, after it. The two main shoes 
have been pushed off their pedestals towards the south 
anchor pier by an unbalanced horizontal force over the 
main pier. This condition was created by the destruc- 
tion of chord 9, anchor arm, and the release of the 
horizontal component of chord 10, cantilever arm. 

Q. What reason do you assign for chord 9 in the 
anchor arm yielding under a unit-stress of 18,000 Ibs. 
when they were calculated to safely carry a much 
higher unit-stress? 

A. The main sections being sufficient to resist the 
stresses existing on that day, either the detail parts 
uniting the four ribs failed, or the ribs buckled in- 
dividuajly, or both. 

Q. In designing the compression members did you ex- 
haust every known source of information and were they 
designed after the full consideration of all known or 
available data on the subject? 

A. Yes. There were no precedents for designing 
compression members of this magnitude. Tests made on 
small pieces do not furnish adequate information for 
members of many times their size. 

Q. What was the largest compression member you 
had heretofore designed and what unit-stresses were 
used in it? 

A. The largest compression member designed by me 
had 240 sq. ins. and the unit-stress was 14,000 Ibs. 

Q. Did the use of these high unit-stresses demand 
mechanical work in the fabrication of the structure 
Superior to that demanded by work designed for lower 
stresses? 

A. Yes, 

Q. In this connection what would you consider the 
limit of good practice in the variation in lengths of 
the ribs comprising a lower chord section? 

A. One sixty-fourth of an inch (1/64 in.) 

Q. Was this variation exceeded in any cases in the 
construction of the lower chords? 

A. Not to my knowledge. 


Q. Did the quality of the shop work meet with your 


entire approval? 

A. Yes, 

Q in the light of recent events have you changed 
your opinion as to the value of data available for the 
Succe-sful design of large compression members? If 
So,“ you explain in detail? 

A. There is no reliable theory established, nor are 
there any results of extensive tests on compression 
members on record as regards detailing of these large 
mem) 


No data exist showing clearly when lattices 
j sufficient to unite fully two or more ribs into 
one red unit. There is, no doubt, a limit to the 
of compression members when lattices only may 

and when, on the center line of the ribs, 
‘on to the lattices, a continuous horizontal plate- 
Sri: cust be added. We have no data showing how 
mu re efficient top and bottom cover plates are than 


heay lees, nor do we know when, in addition to 
- >ottom cover plates on the center line of the 
: “rs as above mentioned should be used, All 


doubt as regards these important features of detailing 
large cumpression members should be eliminated by ex- 
tensive tests, as arguments advanced by theoretical in- 


* vestigations are based on more or less vague assump- 


tions, 

It is the duty of the entire engineering profession to 
strive to secure numerous tests to establish rules to 
be follewed in designing compression members of large 
size, in order to replace or to corroborate present 
opinions. 

Q. Similarly have you changed your opinion with 
regard to the use of high unit-stresses, either in ten- 
sion or compression? If so, will you give your reasons 
fully? 

A. No; high unit-stresses may be used in designing, 
if members in tension or compression are proportioned 
by rules supported by actual tests. But under ex- 
isting conditions, I would not advocate such extreme 
unit-stresses. 

Q. In splicing large compression members do you 
consider that the area of the splice-plates would be 
sufficient if they represented from 15% to 20% of the 
area of the member? 

A. Yes. 

Q. Would you consider that a splice which was to be 
60% bolted up was properly bolted if 30% drift-pins were 
used? 

A. Yes. 

Q. Did the action of the anchor arm during erection 
meet your expectations as previously calculated, or did 
it act in an unexpected manner? Please file a statement 
or diagram showing the movements of the camber 
blocking, giving the dates of orders issued in respect 
to these movements, and when each panel point was 
released? 

A. The anchor arm, during erection, acted generally 
as expectéd. Considering the height of the falsework 
(160 ft.), the wooden falsework foundations resting on 
natural ground, the variations in the field as compared 
with the office calculations were insignificant. Exhib- 
its attached. 

Q. Were there any matters in the process of erection 
which were brought to your attention which indicated 
in any way miscalculation? If so, please describe them? 

A. None, whatever. 

Q. Please state as concisely as possible the history of 
the development of the eyebar system in the bridge, 
stating what tests were made, and at whose instance; 
and also giving the general results obtained. And will 
you please file copies of the blue-prints of the eyebar 
heads that were tested? Were other tests on full-size 
members made, and if so give details? 

A. When making the first design for the bridge, in 
1897 and 1898, I found that large eyebars must be used. 
In order to decrease their number and to thus reduce 
the chances of errors in boring, to a minimum, and 
also to obtain shorter pins, 15-in. and 16-in. wide eye- 
bars were considered, not over 2 ins. thick, thicker 
bars being less reliable in testing. This latter feature 
was especially important, and well known to me since I 
knew the unreliable and often unsatisfactory results 
of tests made in our large testing machine for all 
bridge companies in the United States, on bars over 
2 ins. thick. I was requested many times by the officials 
of the company to be sure, when determining sizes of 
eyebars, to keep the thickness, as much as possible, be- 
low 2 ins. unless it were necessary, in exceptional 
cases, in order to overcome difficulties encountered in 
arranging eyebars and pins. 

For our information we made preparations to test 
15-in. x 2-in. eyebars as early as 1900—ten of these 
bars 15 x 2 ins., about 15 ft. long, were manufac- 
tured and tested, with very satisfactory results, in 
1901—demonstrating that bars of this size may be suc- 
cessfully forged, and that reliable results may be ob- 
tained. 

Seventy-three full-size tests were made on 10-in. and 
15-in. eyebars between July, 1904, and April, 1907, as 
required by the specifications, and ordered by Mr. 
Cooper. 

In order to ascertain the character of stresses and 
resulting strains in the metal of the eyes, the latter 
were divided by lines parallel with the longitudinal 
axis of the bars, and by lines at right angles thereto 
into squares with 2-in. sides. These lines, in their 
new positions after the tests, were closely examined, and 
information secured, useful in designing the size and 
shape of the eyes. No other full-sized tests were made. 

Q. Did you visit the bridge site during erection and 
will you please give the dates of these visits? Please 
file copy of your personal diary covering the Quebec 
Bridge work? 

A. I visited the bridge in May, 1901; June, 1905; 
June, 1906, and August, 1907. Copy of my personal 
diary attached. 

Q. Did you make a personal examination of chords 
7 L and 8 L cantilever arm, in the structure? Did 
you personally examine any chords after erection, and 
on what dates and with what results? ¢ 

A.. No. 

Q. What stresses did you classify as secondary 


stresses, and what secondary stresses did you make al- 
lowance for in your design, and in what manner did 
you make this allowance? 

A. Secondary stresses due to the enforced position 
of the members in the structure were considered; but 
no allowance was made for them. 

1st—In floor beams due to bending induced by railroad 
stringers during change of panel lengths of trusses. 
No allowance made as directed by Mr. Cooper. 

2d.—In eyebars due to bending induced by deviation 
of the bars from longitudinal axis of bridge. No al- 
lowance made as directed by Mr. Cooper. 

3d.—In end vertical posts of suspended span, due to 
temperature change. Insignificant. 

Q. Mr. Cooper has stated that it is his opinion that 
the bridge could have been saved by promptly using tim- 
ber blocking in the chords and strutting and bolts be- 
tween the chords. What is your opinion? 

A. I do not believe that the bridge could have been 
saved in any such manner. 

Q. In the bridge as constructed, were any combina- 
tions of wind and loading considered which produced 
unit-stresses in excess of those permitted by the speci- 
fications under which you were working and to which 
you were limited? Give particulars as to each member 
so affected? 

A. Combinations of wind and loading, assuming load 
increased by 50%, produce unit-stresses in 


25,600 
Cantilever Arm 25,900 
Di 26,800 

26,400 


Q. Were these unit-stresses approved by Mr. Cooper? 

A. Yes. 

Q. Do you consider that this procedure affected the 
efficiency of the structure, and in what manner and to 
what extent? 

A. The combination of conditions of loading being im- 
probable, practically impossible, I do not believe that 
the efficiency of the bridge was affected by the high unit- 
stresses given above. 

Q. Please file sketches of both travelers and indicate 
their loads—weights and maximum concentrations of 
load. (Filed.) 

Q. When was it decided to use the small traveler, and 
for what reason was the system of erection changed? 
Who suggested this change, and did you approve of it? 

A. In order to begin the erection of the north anchor 
arm early in the spring of 1908, the large traveler had to 
be removed from the south side, and re-erected on the 
north side in the fall of 1907, before it was possible to 
finish the erection of the entire south half of the central 
span. Therefore, another traveler had to be provided for 
the erection of the south half of the suspended span, only 
about one-quarter as large as the large traveler, thus 
effecting a considerable saving of metal in the suspended 
span. 

The uze of this small traveler was first suggested, and 
finally decided upon, by the Phoenix Bridge Co., about 
January of 1906, with my full approval. The original 
scheme of erection contemplated the use of the large 
traveler to the center of the suspended span; the erection 
stresses in the cantilever arms were so figured and 
sizes provided. The stress sheet of the cantilever arm 
was approved by Mr. Cooper, showing sizes for erection 
stresses for the above condition. 

Q. Please file a stress sheet showing erection stresses 
only—on the assumption of the big traveler being used 
to center of suspended span. Did the change in the 
travelers as adopted reduce these stresses, and to what 
extent? 

A. Erection stresses due to large traveler attached. 
Stresses in the suspended span, due to small traveler, 
were only about 25% to 33% of the stresses due to the 
large traveler. 

Q. What calculations were made by you on Aug. 29, 
in respect to 9L, anchor arm? If you arrived at a con- 
clusion, please state what it was. 

A. Knowing that every part of the bridge was figured 
with the utmost care as to its strength, that the results 
of the calculations were checked and compared at least 
three times in the Phoenix Bridge Co.’s office, that they 
were then sent to the Consulting Engineer for compari- 
son with his calculations and for his approval, and that 
they were fully approved by him; knowing further that 
the shop plans were prepared under my personal super- 
vision by a corps of able engineers and draftsmen, that 
these plans were redrawn several times; that they were 
then sent to the Consulting Engineer for his study and 
approval, and that they were all approved by him; 
knowing further that every part of the bridge was con- 
structed strictly in accordance with these plans; know- 
ing also that the erection was conducted carefully and 
strictly acording to plans prepared by the engineering 
department—knowing all these facts, I was forced to 
believe that on Aug. 29, 1907, the bridge was in a safe 
condition, and that, no part could show the least sign of 
weakness due to stress, especially as the loads of the 
bridge on that day were such as to produce stresses in 
the truss members only about three-fourths of the 
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stresses the bridge was figured to be able to bear, with 
entire safety, after its final completion. 

It was impossible for me to believe that the bridge was 
failing or that the amount of curvature in chord 9L 
was as reported. Our Resident Engineer, Mr. Birks, 
stating on Aug. 29, on the telephone, that there was no 
distortion in any lattice, that all rivets were tight, that 
there was no change taking place in any part of the chord, 


i was further strengthened in my belief that there was 


nothing wrong with that member. I made rough calcula- 
tions of the chord, however, using 14,000,000 Ibs. axial 
stress, and an average curvature for the four ribs of the 
chord of 1% ins., and found that even with this improb- 
able curvature, the chord was not in a dangerous condi- 
tion. 

Q. Does the elastic limit given by usual specimen 
test bear a direct relation to full-size tests of plates, and 
what is it? Have sufficient tests been made to fully 
establish this? 

A. Tests made on specimens of eyebar material show 
an elastic limit generally 10% to 15% larger than full- 
size eyebar. I am not familiar with any full-size tests 
made on wide plates in order to ee results with 
the specimen tests. 

Q. Do you consider that the elastic limit or the yield 
point of a built-up member, such, for example, as two 
or more plates riveted together, and which are intended 
to act in unison, has ever been accurately ascertained, 
it being assumed that buckling does not occur? What 
relation do these results bear to similar tests of a mem- 
ber of the same proportions, but consisting of one thick- 
ness, providing the same area of cross-section? 

A. I am not aware that tests of this character ever 
have been made. 

Q. Do you consider that a large bridge member under 
eccentric stress may in time be so altered in form with- 
out failure that the irregularity of stress in the metal 
under the eccentric loading will disappear in whole or in 
part? 


A. Yes. 
Q. Please file a list of all groups of calculations that 
you made in connection with the bridge in chronological 


order, and state which stress sheets weré used in de- 
signing the details of each part of the bridge. (Filed.) 

Q. File copies of top chord packing which Mr. Cooper 
refers to in his evidence as having been sent to you by 
him, (Filed.) 

Q. Please calculate and file a stress sheet showing 
the stresses in the main truss members of the anchor 
arm arising from a uniform loading of 6,000 Ibs. per lin. 
ft. (83,000 Ibs. per lin. ft. on each track) on anchor arm 
only. (Filed.) 


A TRACKLAYING MACHINE WITH RAIL CARRIERS. 


In the ordinary style of tracklaying machine, 
the rails and ties are delivered at the head of the 
front car and are then taken and put in place 
by gangs of men. In some recent modifications 
of these machines the rails are run out ahead 
of the front car by trolley carriers, thus reduc- 
ing the amount of manual labor and expediting 
the work. The accompanying cut represents a 
new design of tracklaying machine specially de- 
signed for setting the rails in place upon the ties, 
so as to eliminate the large gang of men re- 
quired to handle heavy rails. The ties, also, are 
delivered beyond the car. 

The machine consists essentially of a flat car 
having a steel bent at each end to support a pair 
of riveted steel trusses, the forward ends of which 
project as cantilevers about 20 ft. beyond the 
end of the car. On the bottom chord of each 
truss run two hoisting trolleys having cables at- 
tached to rail tongs. On each truss are two air- 
cylinders with cables led to the trolleys; one 
serves to run them forward and the other to pull 
them back. In the middle of the car and pro- 
jecting about 15 ft. in front of it is a trough 
fitted with a conveyor for delivering the ties at 
the head of the machine. Behind the tracklayer 
car are cars with rails sufficient to about 1,000 
ft. of track, and having in the middle a conveyor 


(above the floor) which extends along the track- . 


layer car. Behind this again are the cars with 
ties, which are fitted with a conveyor extending 
under the rail conveyor and beyond it in front 
of the machine. Behind the tie cars and next to 
the locomotive is a car carrying miscellaneous 
supplies and having a steam engine which oper- 
ates the conveyors. The movements of the trol- 
leys and conveyors are controlled by a man sta- 
tioned on the bridge carried by the tracklayer 
car. 

Two rails are run out and lowered into position 
upon the ties. They are then bolted at the heel 


joints and temporarily connected with bridle bars 
to hold them to gage. The train then moves 
ahead, and as soon as it comes to a stop the con- 
veyor is started, delivering the ties already in the 
trough. While the train is moving ahead and the 
ties are being distributed, the trolleys are run 
back and their rail tongs are attached to an- 
other pair of rails on the conveyor at the middle 
of the car. These are then swung to the sides 
and run out ahead of the machine, ready to be 
lowered in place as soon as the ties are laid. 
The spiking gang follows the tracklaying train, 
and spikes the rails while the ties are being dis- 
tributed. 

This machine was used by the Dibble-Haw- 
thorne Co., contractors for the tracklaying on 
the electric interurban line of the Pacific Trac- 
tion Co., starting from Tacoma, Wash. The 
rails were 33 ft. long, and from 2 to 2% miles 
per day could be laid with the following force: 
1 foreman, 4 men to operate the machine and 
feed ties and rails, 6 men to distribute and space 
ties, 4 strappers, 8 spikers, 4 nippers and 1 spike 


to treat the sewage at this point at a 2) 0. 
gal. per acre per day rate, as compar. th 
about 133 acres of contact beds or 1,000 of 
sand filters. Experiments indicated th h 


filters would give a non-putrefactive effl, 
year round, and that there would be no ¢ 
in operating the beds. 

It was found that, as a preliminary tre 
good results could be obtained by treatin: = 
ton sewage for seven hours in septic tank By 
this means, about 40% of the total sus) 
solids and 60% of the fixed suspended 
would be removed from the sewage, and : 
fluent would show a decrease of about -° 1 
organic nitrogen and a corresponding incr: n 
free ammonia. About 80% of the organic is 
deposited in the septic tanks would be con i 
into gas. ‘Phe study as a whole, however, li- 
cated that septic tanks would not be nece ry 
or desirable in this case. It was also conc: i 


that it would be unnecessary to provide er 
sedimentation for the percolating-filter eft it, 
since ‘the currents of the harbor would be ly 


THE WESTCOTT TRACKLAYING MACHINE ON THE INTERURBAN LINE OF THE PACIFIC 
TRACTION CO. 


peddler. The machine was designed by Mr. C. 
O. Wescott, and is owned by the Wescott Track- 
layer & Mfg. Co., of Puyallup, Wash. The use 
of tracklaying machines has been adopted in 
several cases on electric interurban lines, but is 
not practicable where 60-ft. rails are used, as is 
the case on several lines. 


EXPERIMENTS AND COST ESTIMATES ON TREATING 
PORTIONS OF THE SEWAGE OF BOSTON, MASS. 


In addition to the general experimental work 
on sewage treatment made during the last few 
years at the Sanitary Research Laboratory and 
Sewage Experiment Station, Massachusetts In- 
stitute of Technology, some studies have been 
made with a view of determining the practical 
possibilities of treating some or all of the sewage 
of Boston. A paper on this subject was sub- 
mitted to the Sanitary Section of the Boston So- 
ciety of Civil Engineers on Nov. 15, 1907, by 
Professors C.-E. A. Winslow and E. B. Phelps, 
of the experiment station named. This paper, it 
may be added, was based on a longer and more 
detailed one which will shortly be published in 
the “Technology Quarterly.” 

Experiments were conducted with the idea of 
determining the “feasibility of treating Boston 
sewage on trickling beds so as to secure organic 
stability.” There was had in mind the fact that 
of the three sewage outlets into Boston Harbor, 
the one discharging at Moon Island was most 
likely to give rise to a nuisance demanding early 
abatement. The daily discharge of sewage at 
this point is now about 100,000,000 gals. With 
trickling or percolating filters of stone, 8 ft. in 
depth, about 50 acres of beds would be required 


competent to care for the solid matter discharged 
if that matter were of an inoffensive and non- 
putrescible nature.” 

The possibilities of disinfecting the effluent 
from percolating filters were studied, and as « re- 
sult it was concluded that it would be desiraow 
to do this, making use of chlorin for that pur- 
pose. 

As a site for works to purify the sewage now 
discharged at Moon Island, Thompson’s Island 
was selected as most suitable. Estimates indi- 
cated that necessary connections could be made 
with this island and treatment works constructed 
for a total cost of about $1,800,000. These works 
would include 50 acres of 8-ft. percolating {i/t¢rs, 
equipped with gravity distributors; a grit «i im- 
ber, and all necessary land, grading, etc. \ 25- 


year 5% loan to pay for such works woul call 
for a yearly capital charge of $126,800. The cost 
of operation, including extra pumping and s'iper- 


vision, would be about $70,000 a year, bringing 
the total cost up to about $200,000 a yeur, or 
$5.50 per 1,000,000 gals. Disinfection with «!lo- 
ride of lime would cost about $1.50 per 1,'" 0,000 
gals. additional, or $55,000 annually. The ‘et 
ment of crude sewage with chloride of live, i 
was estimated, could be effected at $3 per | (")- 
000 gals., or $110,000 annually. 

Experiments are now being made to determine 
the practicability of higher rates of filtration and 
shallower beds than those used as a basis for the 


estimates just given, and also to determ''' the 
cost of producing the chlorin electrolytica! Th 
authors of the paper state that, in their «9 -™!0") 
the combination of trickling filters and chemi = 1's" 
fection will solve the sewage problem 
torily; and in the light of present knowle’ ‘hes 


two methods are the most efficient and « mica! 
available for the purpose. 
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On account of the unusual demands on our 
space for the report of the Isthmian Canal Com- 
mission and the testimony at Phoenixville before 
the Quebee Bridge Investigating Commission, it 
has been found necessary to defer the conclusion 
of the report of the Transvaal Commission on 
Winding Ropes and Safety Devices to our next 
issue. 


a 
> 


The National Municipal League, at its conven- 
tion at Providence, R. I., last week, added to its 
important constructive work previously under- 
taken, by appointing a committee on the relations 
between municipal, State and national health 
work. This, and also the adoption of a reso- 
lution to the effect that health-protective work 
ought to be entrusted to none but experts, was 
a natural outcome of a long session, held jointly 
with the American Civic Association, at which 
more than a half dozen papers on municipal 
health and sanitation were read. The papers, 
prepared by various health officials quite in- 
dependently of each other, were remarkably har- 
monious in their expositions of how health board 
work is and should be carried on in representa- 
‘ve American cities. The speakers agreed that 
health-proteetive work should be directed primar- 
ily to preventing the spread of communicable 
diseas's from their sources, or from the hosts 
that harbor and throw off the specific germs 
that (.use disease. A number of the authors 
urged in strong terms, and with forcible illus- 
‘rations, the great need for the immediate es- 
tabit nent of a national department of health. 
Sever of the authors referred to the expendi- 
ture the U. 8. Department of Agriculture 
of 1 ns of dollars to gain and spread in- 
for: . regarding soil conditions and the dis- 
ease’ * plants and animals, and plead that equal 
tion be given to efforts to prevent com- 

diseases among men, women and chil- 
the National Municipal League enters 
health-work campaign with such zeal 

‘sence as it devoted to the framing of a 
Y charter, and to the formulation of a 
osive system of municipal accounting, 
‘1 to the whole country may be expect- 
7 ~ from the new, as there did from the 


League, appears to us, might 


cor 
mur 
drer 
up 
and 


direct its attention most profitably to arousing 
many of the smaller communities, say those 
of under 100,000 population, to reform their 
health work and infuse into it more in- 
telligently directed life. And it also might 
well investigate the exact needs for a na- 
tional department of health and the best plan 
for such a department. 


We give large space in this issue to the pub- 
lication of extracts from the annual report of the 
Panama Canal Commission, just issued. While 
we have necessarily presented the report as a 
whole in much condensed form, we have given 
one section, that relating to “Contract vs. Hired 
Labor,” in full. In this section the Commission 
explains in detail the reasons for the decision 
that the Government shall do the bulk of the 
work at Panama direct instead of by contract. 

We commend this discussion to any of our 
readers who may still be unconvinced that the 
Government made a wise move in adopting the 
day’s work plan. 

The conditions at Panama are so peculiar that 
anyone who has given the matter any careful 
study realizes that any ordinary plan of contract 
work would be wholly out of the question there. 
The alternative was for the Government either to 
carry out the enterprise by direct employment of 
labor or else to let some percentage contract. It 
was the latter which Mr. Stevens proposed when 
he was in charge of the work a year ago; and if 
a contract were to be let at all, it is difficult to 
see how a fairer plan could be devised than that 
which was planned by Mr. Stevens. 

Nevertheless, when this plan was put to the 
test of actual bidding, the results were found to 
be disappointing; and it was easy to foresee that 
if a contract were actually made under the plan 
proposed, there was a strong probability of fric- 
tion and difficulties in the execution of the work, 
resulting very likely in litigation and delay. The 
contract itself was likely to be made a political 
issue; and the final decision reached, therefore, 
was to reject all bids and continue the work by 
the direct employment of labor. 

This decision was arrived at prior to the or- 
ganization of the present commission; but the 
statements in the present report, we take it, may 
be taken to be the views of those now in charge. 
These men have had large experience in the exe- 
cution of important engineering works, both by 
contract and by day labor. What they have to 
say regarding the relative merits of the two plans 
and the conditions under which the one or the 
other will be found best is well worth placing on 
record. 

There is good reason why the Commission 
should cover this subject fully. Influential inter- 
ests are likely to be heard from on the floor of 
Congress, year after year, criticizing the Admin- 
istration for not doing the work by contract. 
Many men will believe such criticism to be well 
founded. There was need, therefore, for a full 
and convincing statement on this matter, such as 
the Commission has furnished. 


* 


It is common enough nowadays to hear people 
remark that the Government is certainly going to 
build the canal; and that the work is going ahead 
rapidly and well; but that the cost will be “out 
of sight,” “because Government work is always 
so costly, you know!” 

While it is too soon yet to say what unit prices 
will be reached for the bulk of the work, when 
the whole plant is in place and the operating force 
is “tuned up,” the figures for cost of excavation 
in the Culebra cut for the past year are certainly 
interesting. It appears that the average cost of 
excavating about 5,500,000 cu. yds., three-fifths 
of it rock, hauling it some ten miles by train, and 
distributing it on the dumps, was 82% cts. per 
eu. yd., which figure includes an arbitrary allow- 
ance of 12 cts. per cu. yd. for the cost of the 
plant used. Remembering the tropical conditions, 
the heavy rainfall, the 8-hour day, the high cost 
of labor, fuel, materials and everything else, this 
indicates that they are not only “making the dirt 
fly” at Panama, but making a dollar do the most 
work possible—which has been set down by high 
authority as a proper function of the engineer. 


Again, in dredging work, we learn that at La 
Boca, on the Pacific end, an old French ladder 
dredge excavated during the past year 1,213,000 
cu. yds. at an average cost per cu. yd. of about 
104% cts., the material being towed out to sea in 
hopper barges. 

Certainly figures like these deserve considera- 
tion by those who make rash generalizations as 
to the extravagance of Government work. 


THE PHOENIX BRIDGE COMPANY ENGINEERS’ TESTI- 
MONY ON THE QUEBEC BRIDGE. 


We give up large space in this issue to the tes- 
timony of the Phoenix Bridge Company's engi- 
neers before the Canadian Government Commis- 
sion which has been investigating the Quebec 
Bridge disaster. This testimony is not only of 
interest to those who are closely following this 
investigation to determine where responsibility 
for the disaster should be placed. It is a valu- 
able exposition of the organization and methods 
of one of the largest and most noted of American 
bridge works. It contains a discussion of many 
of the complicated problems in design and erec- 
tion which had to be solved in connection with 
the construction of the longest bridge span ever 
attempted. It gives the opinions of those most 
closely connected with the work as to the causes 
contributing to the wreck and the steps which 
should be taken to prevent similar disasters in 
the future. 

We have set forth in our issues immediately 
following the disaster the chief deficiencies in 
design which brought it to pass. The testimony 
of the Phoenix Co.’s engineers confirms our state- 
ments. 

As to where the responsibility lies for these de- 
fects, no doubt can exist that the primary re- 
sponsibility lies with the engineering organiza- 
tion of the Phoenix Bridge Co., which made the 
designs and backed them with the weight of its 
experience and reputation. No doubt can exist, 
either, that a secondary responsibility rests upon 
the Consulting Engineer to whom all designs and 
plans were submitted for approval. 

Either party may say with entire truth and 
propriety, as they do say, that they relied to a 
large extent on the other. Mr. Cooper was justi- 
fied in relying on the Phoenix Bridge Co. organ- 
ization to a large degree and on the other hand 
the Phoenix Bridge Co. officials were justified in 
feeling additional confidence because their de- 
signs were subject to the inspection and approval 
of Theodore Cooper. But the fact of such mu- 
tual reliance does not absolve either party from 
bearing his own burden of responsibility. 

We are aware that this division of responsibility 
is sometimes criticized; but we do not believe 
such criticism is well founded. It is true that fn 
this case the bridge fell; but no one who has 
followed the history of the structure can doubt 
that the chances of defective design would have 
been equally great had the Phoenix Co. worked 
entirely without the check of a consulting engi- 
neer or had the consulting engineer made the en- 
tire designs and details for the structure. 

The normal and proper way of constructing any 
great engineering work which is done by contract 
is for two engineering organizations to work to- 
gether. The one representing the contractor and 
the other representing the purchaser can check 
each other’s errors, can study the work from dif- 
ferent points of view and can produce a better 
and more economical result working in coopera- 
tion than either could working alone. 

There is, however, a word of criticism which 
should be said respecting the position which Mr. 
Cooper nominally held and the responsibility act- 
ually laid upon him. Nominally Mr. Cooper was 
Consulting Engineer of the Quebec Bridge; and 
his salary was proportioned to a Consulting Engi- 
neer’s duties. Actually he was called on to do 
the work which a Chief Engineer, with a com- 
petent corps of assistants, should perform. The 
title of Chief Engineer was borne by a man who 
appears to have carried no real responsibility in 
connection with the work. 

Mr. Cooper received a salary which was origin- 
ally a fair one for the service of a Consulting En- 
gineer doing consulting work only on so large an 
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enterprise. It was cut in two, as related in his 
testimony; and this left him with barely enough 
to pay for an assistant on the office work and ab- 
solutely nothing for his own work and respon- 
sibility. Under these circumstances it is not sur- 
prising that he did not give the great structure 
any such frequent and thorough supervision in 
the office, the shop and the field as might have 
been given by an alert and competent Chief En- 
gineer. 

This fact is to be borne in mind in studying 
the history of the ill-fated compression members. 
Our readers who have followed our discussion of 
these members will recall that their defects are 
now well known to have been insufficient lacing 
and insufficient stiffening in the flanges of the 
separate ribs. These defects were undreamed of 
by the designers working over the drawing board. 
They simply followed the precedent set by other 
huge cantilever structures such as Morison’s 
Memphis bridge and Modjeski’s Thebes bridge 
and designed a massive four-web member on 
similar lines to those used in previous much 
smaller structures. 

When this member came to be assembled in the 
shops, we are informed that some of the shop 
foremen became impressed with its lack of stiff- 
ness and rigidity, and eventually Mr. Reeves, the 
President of the company, suggested this to Mr. 
Szlapka, the Phoenix Company’s designing en- 
gineer. The matter was discussed by Mr. Szlapka 
and Mr. Cooper but was dismissed as not im- 
portant enough for serious investigation. 

Surely there is a lesson here for engineers as 
to the value of supplementing office work with 
practical contact with work in the shop anu 
field, as well as to the value of the aid that the 


“-workman of long experience can often render to 


the technically trained engineer. It was the 
workmen who were actually assembling and 
handling these huge chord members who became 
suspicious of them. 

The actual masses of metal when lifted and 
moved in the shop processes revealed things that 
were not apparent to the engineer intent on 
studying the pictures of these members on thu 
drawing board. 

It will be noted that the President of the Phoe- 
nix Company declares the high unit-stresses 
adopted for the Quebec Bridge to be responsible 
for its failure. He says in effect that his com- 
pany felt justified in proceeding with the work 
under these high unit-stresses, because of its 
faith in Mr. Cooper’s judgment. 

It is true that the engineers failed to attach 
due importance to the evidences of distress which 
the structure showed a month previous to its fall 
because the stresses it was carrying were so far 
below those for which it was designed. It is true, 
too, that at the present time no engineer will 
undertake to advocate or defend such high unit- 
stresses as were adopted at Quebec. We say ad- 
visedly “at Quebec”; for without doubt both the 
Consulting Engineer and the builders would have 
preferred to have worked with more moderate 
loadings. They were endeavoring to satisfy the 
demands of their clients for a practicable bridge 
at the least cost—endeavoring “to make a dollar 
earn the most interest.”” Of course, both parties 
had to accept responsibility for these high unit- 
stresses in undertaking the work. Undoubtedly 
both the Phoenix Co. and Mr. Cooper considered 
these stresses well inside the safety limit or they 
would have refused to undertake the work. 

But the fact that the structure actually failed 
under a unit-stress which would be generally 
agreed to be a safe working load, shows that defi- 
ciencies in design of the failing members are to be 
placed ahead of the high unit-stresses as the 
chief cause of the disaster. As Mr. Szlapka says 
in his testimony: “There were no precedents for 
designing compression members of this magni- 
tude. * * * * There is no reliable theory 
established, nor are there any results of extensive 
tests on compression members on record as re- 
gards detailing of these large members.” 

Attention should also be called to Mr. Szlapka’s 
statement as to the need of remedying this lack 
of data. “It is the duty of the entire engineering 
profession,” he says, “to secure numerous tests 
to establish rules to be followed in designing 


compression members of large size, in order to 
replace or to corroborate present opinions.” This 
is closely in accord with the opinions expressed in 
these columns immediately following the disaster. 
Our report of the recent meeting of the National 
Advisory Board, on Testing Materials, elsewhere 
in this issue, indicates that the needs of the pro- 
fession in this matter are likely soon to be met. 


LETTERS TO THE EDITOR. 
The Proper Load for a Barro. 


Sir: In your issue of Nov. 7 I notice some corre- 
spondence on the proper. load for a burro. In this con- 
nection Mexican practice in ore packing may be inter- 
esting. 

Ore is commonly sacked so that the bundles may weigh 
65 to 70 kg. (from 140 to 155 Ibs.) each. Two of these 
bundles make a load for one burro. When the ore is 
very heavy or contains an unusually high percentage of 
moisture the bundles weigh more. I have frequently 
seen two sacks weighing 90 kg. (some 198 Ibs.) each 
packed on one burro. The animals work under these 
loads from daylight until dark, day after day, month 
in and month out without any apparent ill effects. The 
trails are mostly down grade or level with occasional 
short and steep or longer and more gradual ascents. 
Every sack was weighed and the totals checked against 
carload weights at the smelter. While the above figures 
are from my own experience I know from observation 
taht they represent common practice over a large part 
of Mexico. The burros are those familiar to every in- 
habitant or traveler in Mexico. or the southwestern part 
of the United States. I am not familiar with the South 
American burro which may be a smaller animal, 

Yours truly, 
Charles W. Comstock, 
Consulting Engineer. 
Boston Bldg., Denver, Colo., Novy. 12, 1907. 


The Gyratory System of Handling Street Traffic in Large 
Cities. 

Sir: An editorial note in your issue of Nov. 14, 1907, 
calls attention to a contribution of Mr. Twelvetrees on 
the gyratory system of handling municipal traffic in 
large cities. While your editorial is an excellent one 
yet you do not bring out the point clearly that the two 
largest foreign cities, London and Paris, where it has 
been suggested to apply this system, do not contain any 
street car tracks in the central parts and scarcely any 
until you reach the outskirts of these cities. 

This will eliminate your most serious objection to this 
system, as no car lines complicate matters in these 
places. Municipal traffic is at present carried on in 
Paris and London by underground railways, horse omni- 
buses, automobile omnibuses and cabs and in order 
to understand the advantages of the gyratory system as 
applied to these two places it will be necessary to ex- 
plain a few of the local conditions. 

PARIS.—This city is composed of many narrow streets 
emptying into wide boulevards. Pedestrians have no 
rights and no police protection and in consequence the 
speed obtained by automobiles and other vehicles is 
very high. Narrow refuge bays about three feet wide 
are located at nearly all of the crossings. The one 
rule that everyone obeys is to keep to the right. A 
typical place where the installation of this system would 
show marked results is at the intersection of the Place 
Vendome with the Avenue de l’Opera, where the present 
congested condition has become almost unbearable. 

LONDON.—The traffic in this city, on account of its 
density, presents a most difficult problem. It is ad- 
mirably handled at the intersection of the main streets 
by policemen, on the stop and start principle, letting 
a certain amount of traffic in one direction pass for a 
certain length of time, then holding that up and allow- 
ing a stream in the other direction to pass, yet the 
amount of traffic that can be passed at certain points 
during the day has about reached its limit. The in- 
tersection of the Strand with other streets offers a 
most excellent field for the installation of the gyratory 
system, for not only has London a very fine police 
force, but besides this it has courts that enforce the 
laws to such an extent that if a driver does not obey 
an officer he is arrested and fined every time and 
not let off with only a warning. In consequence of 
this, police and drivers work together to the benefit of 
both of them. 

The main point in the gyratory system is to make the 
central circular space of such a diameter that the stream 
of traffic will be diverted well out from a straight line 
and there will be no possible chance or tendency to cut 
corners. 

Apropos of entrances and exits to underground rail- 
roads located in the central circular spaces, the idea 
has already been taken advantage of in both London and 
Paris, and where it has not been possible to so locate 
them the companies bsve been forced te make an en- 
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trance through a house fronting on the str t th 
desired point. In no case does one see, ; -— 
York, the sidewalks blocked up by entrances : ‘4 
way. 

The situation in New York, complicated as by x 
many street railway tracks, precludes the po ‘ot 
installing the gyratory system at present Me 
Twelvetrees’ article does not suggest such a talla 
tion. Yours truly, i 

Alfred © 

Office of Principal Assistant Engineer, Pe: vania 

Railroad, Buffalo, N. Y., Nov. 18, 1907. : 
An Objection to Model Tests. 
Sir: Mr. J. F. Jackson of Houghton, Mich., «gest; 


in the Engineering News of Oct. 3, 1907, th: 
ture columns be built of the same design and pr 
on a small scale, as those to be put into any - ture 
and tested for ultimate strength to reveal the  c,. 
nesses before the large and costly members built 
and their weaknesses discovered by a possible - 

I do not think this method of testing wou 


inia- 


ire, 


ifford 
a@ parallel case for comparison. Structures 
ture are stronger in proportion to size than 1-size 
structures of the same material. Witness wire 


letter basket before me. Imagine a huge fa: 
five stories high, built of enormous crooked « 
rods (if such could be obtained) and using th: 
as a model. Would the structure stand? ) one 
would think of attempting such a thing. Here ~ a» ink 
bottle sitting upon a blotter. Suppose the b “ter ty 
be 1 ft. thick and of a propertional densit Now 
build upon this “foundation” a concrete moni ent of 
a size and shape similar to that of the bott! How 
thick would the blotter be before the mono! ) wa: 
half completed? Yet the ink bottle makes no inpres. 
sion. Or take the case of house building with playing 
cards. A building several stories high can be !\!t by 
a skillful person, yet no sane builder would attempt 
the feat upon a large scale. Large cards of ‘)« same 
material and proportions would fail by buck!ing and 


ation 
nuous 
basket 


compression at the edges. They would not stand up 
under the weight. Numberless similar cases ich be 
cited. 


Imagine ourselves to be no larger than flies or ants 
What enormous bridges we could build of wood and 
straw, or houses of paper, and use only a waterproof 
cement for holding the various parts together. And 
what an infinite amount of material we would have on 
hand for construction purposes. The cohesive forces 
we would have to deal with would be much different 
from those with which we are now familiar. They 
would be greatly magnified. 

One might build a small bridge, of the Warren girder 
type, eighteen or twenty inches long, of splints of wood 
glueing them together, and impose upon ii a load 
which one would not dare to place in corresponding 
proportion upon a full-sized bridge of the same type 
and materials and of the best construction. And what 
glue could be used on a large bridge of this type of 
fifty or sixty feet span? 

That there is a limit to stresses which may be em- 
ployed in materials of construction is denied by no one 
Just what that limit is we have determined in certain 
specific cases of simple assemblages. When we aitempt 
larger structures we are at sea. 

One may build miniature tunnels in damp sand with- 
out supports, but nothing but solid rock is safe when 
the same is attempted on a large scale. 

In ,our large structures, it would seem, a different 
material must be used from that employed in the smaller 
structures. High tensile steel has been «uggestel 
It is this and different alloys of steel which hive made 
automobiles possible. And when the price of ‘ese ma- 
terials has become such as to permit them {> be em- 
ployed in large quantities, a new era would b« opened 
up in construction and building operations. 

Yours very truly, 
O. Burch. 

199 Forest St., St. Paul, Minn., Nov. 12, 1)" 


{Most of the above comparisons depend 
the fact that weight increases as the cute, area 
or strength as the square, of linear di «nsions. 
This fact, however, has no bearing on ‘'° ques 
tion of model testing against full-siz  testins 
Model testing of structural members = nvolves 
only this assumption: that similar struc ires 4 
acted upon in similar manner by simi! forces 
This assumption says, in the case o: » mode 
test, that if the model is an exact « of the 
large structure, forces similarly applied 
duce the same kinds of distortion anc «il! le 
to the same type of rupture at the ‘ne Pr 
portional point of loading. The who! ifficul'y 
lies in reproducing the large struct) in 
model, as was very briefly suggested © 2 nol 
appended to Mr. Jackson’s letter.—Ed 
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aber 28, 1907. 
A Remarkable Old Iron Bridge. 

Sir: e days ago the writer had the pleasure of ex- 
amin all-iron highway truss bridge which was 
built .50 and has been in continuous service since. 
This ch a remarkable record, especially as the de- 
sign iew of modern day practice, is very faulty, that 
a bri scription of the structure will no doubt be of 


o many of your readers. 
The  dge is 120 ft. long; 6 ft. deep at the ends and 


about deep at the middle. It more nearly resembles 
a dot intersection Whipple truss than any thing else. 
The | «hord and posts are cast iron, the diagonal web 


Who was M. D. Field, the builder? Where was his place 
of business? The bridge is on the Nashville and Gallatin 
turnpike over Mansker Creek, separating Davidson and 
Sumner Counties in Tennessee. At the time it was 
‘built there was no railroad in operation in this part of 
the coua.ry and the material either came to Nashville by 
water or ovetland in wagons. The country traversed by 
the pike was then very sparsely settled and timber was 
p'cutiful.ond cheap. How was it, when iron bridge build- 
ing was in its infancy (the first all-iron highway bridge 
built in the United States being erected in 1840) that 
such a structure was erected, no doubt at great cost, in 
such a remote locality? The only explanation to the last 

question is that at the head 


VIEW OF OLD HIGHWAY BRIDGE FROM BELOW. 


members and bottom chord are wrought iron plates. All 
chord and web sections are the same throughout the 
length of the span and the only evidence given by the 
structure that its designer appreciated at all the actual 
distribution of stresses, is the slightly increasing depth 
toward the center. Two photographs are sent herewith, 
which show the general character of the structure. On 
the view showing the end post may be seen a heavy in- 
clined strut. This is no part of the original structure. 
It is of timber (now completely rotted) and was put in 
by parties who raised the bridge some 20 years ago. 
Practically all details are very faulty, as in no case 
which the writer noticed was the strength of a member 
developed at its connections. The bottom chord splices 
were particularly feulty as there were not one-third 
enough bolts to develop the strength of that part of the 
chord spliced. The cast iron web posts are very frail 


ron Highway Bridge 57 Years Old. 


ith a slot in the middle through which the 
pass, 
‘Sly calculating the stresses to which the bridge 
© been subjected, it is evident the wrought iron 
cen strained beyond its elastic limit, and that 
case is borne out by the fact that there is a 
‘ed sag in the bridge. 
© several facts in connecticn with the erection 
“dge which bave aroused the writer’s curiosity. 


of control of this highway in 
1850 must have been a pro- 
gressive and adventurous 
man, who had no doubt trav- 
eled beyond the confines of 
his state and seeing the won- 
ders others were working in 
iron had become impressed 
with its lasting qualities as 
compared with . wood. 
H. M. Jones. 
Nashville, Tenn., Sept. 18, 
1907. 


{The bridge illustrated 
is certainly a remark- 
able curiosity; and the 
wonder is that a struc- 
ture of such crude and 
defective design should 
have stood so long. It 
reminds one of the old 
story, which may be new 
to some of our readers, 
of the reply of Howe (the inventor of the Howe 
truss). He was acompanying a party of railway 
officials on an inspection tour over the road and 
liquid refreshments had flowed freely. The party 
got off to examine a bridge built after Howe’s 
design which was in bad condition from expos- 
ure to the Weather, and one of the number prod- 
ding the timbers with his cane struck a soft spot 
and thrust the cane half way through. “Look 
at this, Howe,” said he. “What holds this 
bridge up anyway?” Howe looked at the ques- 
tioner with lofty dignity and replied, ‘Prin- 
ciple, sir, principle!” 

We know of no better explanation than this for 
the long life of the curious structure illustrated. 

A second letter, received later from Mr. Jones, 


explains the mystery of the identity of Mr. M. D. 
Field: 


Sir: Since writing the description of the Mansker 
Creek bridge I have found one of the oldest engineers 
in the community, and he gives the following informa- 
tion regarding Mr. Field: He was a brother of the 
celebrated Cyrus W. Field, and came to these parts 


originally as a contractor on the Nashville & Decatur 
R. R. He built the first suspension bridge across the 


Cumberland River at this point, which bridge was long 
since taken down. He also erected a number of other 
short-span bridges around here, but the Mansker Creek 
bridge is the only one yet left in service. I am in- 
formed that the material for these structures came up 
the Mississippi from New Orleans, and it was probably 
brought to the latter point from New York. 


H. M. Jones. 
Nashville, Tenn, Oct. 7, 1907. 


We have verified some of the foregoing state- 
ments by consulting the genealogy of the Field 
family, compiled by Frederick C. Pierce for the 
late Marshall Field of Chicago. Some amplifica- 
tion of Mr. Jones’ information may be of inter- 
est to our readers: 

The builder was Mathew Dickinson Field, son 
of David Dudley Field, born at Haddam, Conn., 
on June 26, 1811. A brother of Cyrus W. Field, 
he was also a brother of David Dudley, Stephen 
J. and Henry M. Fie|d—all men of national dis- 
tinction. For many years he was a paper manu- 
facturer at Lee, Mass.; in 1843 he moved to St. 
Louis, where for 11 years he was engaged as a 
contractor in railway and bridge building. 

The genealogy states that the Nashville sus- 
pension bridge which he built—of 656-ft. span, 
1,956-ft. total length including approaches, and 
110 ft. above the water—was destroyed by the 
Confederates in 1863; that he also built a similar 
bridge over the Cumberland at Clarksville, Tenn., 
and, later, one at Frankfort, Ky., “of strength 
sufficient to bear the passage of railroad trains.” 


In 1854 Mr. Field returned to Southwick, Mass., 
and re-engaged in the manufacture of paper. He 
died on March 22, 1870.—Ed.] 


> 


The Effect of Confined and Compressed Air on Exposed 
Sea Walls. 

Sir: I have at various times heard the term ‘“‘disin- 
tegration’’ used in connection with concrete sea walls 
and breakwaters, such as the Aberdeen breakwater in 
Scotland. There it was found that the enormous seas, 
in plunging against the surface of the breakwater in 
a@ perpendicular or sloping mass, acted as a mighty 
eutter or hammer and did cut out the concrete, and it 
was called disintegration. That was all that was heard 
about it in the press. 

It is now twenty-nine years since I first began to 
have anything to do with Portland cement. During 
that time I have, as superintendent and inspector, had 
the supervision of sea walls, quays, basins and break- 
waters. All these works were built with Portland ce- 
ment concrete. According to the originater or him that 
discovered this process of monolith building, namely 
Sir Edmund Steel, the specification for a system of mono- 
lithic concrete called for a 1:2:3 for a mixture. 

I have seen no improvement on that system. It will 
be apparent to all that the changes that have taken 
place when compared to the above, have had a deteri- 
orating effect. Instead of a 1:2:3 mixture we have now 
1:3:5 and sometimes up to 10. Wherever Sir Edmund's 
system has been adopted I have heard no compiaint 


and did take note of the works that I built. These 
are today just the same as when built, without one 
flaw, and exposed to all the ocean elements. I often 


wondered how tbey stood the terrific shocks of the win- 
ter gales. I think it is too early to use the term ‘“‘dis- 
integration,”” as it seems a term more suitable to the 
infirmities of old age or bad work. 

In my experience of building concrete under water, 
I have found that it cannot be done with crushed stone. 
Crushed stone falls away from the mass on to the 
wooden forms, leaving both the front and back faces one 
mass of pure stone with a very little mortar which 
just holds them in position and leaves a core or back- 
bone of concrete along the center, no matter how the 
bucket or tube is used. In one large foundation the 
crushed stone was abandoned and river gravel used 
according to the following proportions: 3 parts coarse 
sand, 1% of gravel. You see how near we were to 
Sir Edmund Steel’s specification. The results were in- 
comparable piers and quays with a face as if it were 
polished glass. No manipulation by hand could give 
the same result. 

As a subaqueous inspector I have examined works 
under water built to these portions: 1:2%:5 and 
1:2:4. In every case I found the work in a deplorable 
condition and could not account for how it stood on 
its feet, unless the water acted as a form to keep it 
standing. It ought to fall according to all known 
laws. Let those who are building sea and quay walls 
avoid crushed stone as they would avoid the mischief, 
and adopt gravel concrete to the proportions given; 
that is, up to low water or neap tide levels; then adopt 
Sir Edmund's specification 1:2:3. To reduce the cost 
from low-water level up to coping, use the crushed 
stone there with 35% of one-man stone rubble displacers. 
Then you have a conglomerate, a solid mass of mono- 
lithic concrete. Let the rubble displacers be kept back 
from the face of the form one foot and that solid foot 
of concrete be well rammed and faced up with a trowel. 

I have found that in building these quays and sea 
walls that there was no disintegration, simply for the 
reason that the face was smooth as glass and as solid 
as concrete can be made. On building with 1:2:4, 
which seems to be generally adopted under water, I 
distinctly say it is utterly impossible to build with 
these proportions and at the same time use crushed 
stone. When building, the wall will be in the condition 
as described, full of holes under water that cannot be 
pointed, and the portion above water is always damp 
and will not hold the pointing. And it is called dis- 
integration by some writers through chemical action; 
by others it is thought to be caused by ice abrasion, 
and they are nearer the mark than the chemical idea. 
What can be expected when great blocks of ice come 
smash on to a face of 1: 2:4 concrete? It is not con- 
ceivable that 2 parts of sand will fill the voids of 4 parts 
of crushed stone. The half of the whole mass is full of 
air. A storm coming on from any direction of the seas is 
always worse between high and low water, as generally 
at high water the storm apates. The storm, being at its 
worst at the top portion of the underwater concrete 
and the bottom portion of the top concrete, it is there 
where the destruction begins. The top portion may be 
anything from 12 ft. to 20 ft. according to location. 
Just take that body of water 12 to 20 ft. backed up by 
the full weight and force of the ocean coming on with 
a rush just like a demon, and again receding back 
100 ft. and coming on with crested waves from 20 to 
30 to 5O ft. in height, with that snarled crested curve 
coming on and dashing on to the wall surface that has 
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holes and contains in its body a full half of alr. This 
air is locked in and becomes compressed. That some- 
thing has to go is certain. Explosions and a series of 
explosions take place. This goes on from day to day, 
week to week, month to month and maybe from year 
to year until it is discovered that the wall is getting 
cut up, and then it is called disintegration when it 
should be called air abrasion or compressed air ex- 
plosions. 

The remedy is as follows: For walls under water to 
any depth, use gravel concrete; use sea water; let the 
proportions be 4% cu. ft. to one bag of cement; bring 
up your under-water concrete 2 ft. above low water 
level. Mark this particularly, as the density of your 
concrete depends on it. Use the full volume of water 
to one bag; if in dry, hot weather, 4 to 4% ordinary 
palls of water, if damp, 3 to 3%. Do not be afraid 
to give the full volume of water, because when full it 
eannot receive any more if your concrete has not the 
full volume; then when you deposit it water is just like 
air. There can be no voids. It will rush in to fill that 
void and in its course rushing in it washes away the 
cement (which becomes free lime). Concrete is just 
like the hungry man. Give him a full meal, give him a 
good skin-full, and he cannot take any more. This 
volume of water is for density, solidity, and to pro- 
duce a face such as no man by any manner of manipu- 
lation can produce. With no lodgement for air, your 
wall will stand for many generations and we will hear 
no more about disintegration. -This building material 
will not be condemned for want of knowledge. Let the 
engineer look into these voids and compressed air ex- 
plosions, and if not converted to this discovery, and still 
believes that it is a salt water and air chemica] action, 
then hand the whole matter to the chemical expert. 

O. FRASER, 
Supt. and ex-Government Inspector of Works. 
Port Colborne, Can., Nov 2, 1907. 


ANNUAL CONVENTIONS OF THE NATIONAL MUNICI- 
PAL LEAGUE AND THE AMERICAN CIVIC ASSO. 
CIATION. 

The thirteenth annual meeting of the National 
Municipal League and the third annual meeting 
of the American Civic Association were held at 
Providence, R. I., on Nov. 19 to 22. A joint pro- 
gram was followed, but joint sessions were not 
always the rule. The Hon. Chas. J. Bonaparte, 
Attorney General of the United States, was re- 
elected President of the League, and Mr. J. 
Horace McFarland, of Harrisburg, Pa., was re- 
elected as President of the Civic Association. Mr. 
Clinton Rogers Woodruff was also reelected as 
Secretary of each organization. Among the many 
subjects presented before one or both associations 
were the preservation of Niagara Falls, municipal 
government by commission, home rule in munici- 
pal taxation, city planning, and municipal heaith 
work. Mr. Woodruff presented before each or- 
ganization comprehensive reviews of work for 
municipal betterment during the past year. 
THE PRESERVATION OF NIAGARA FALLS. 

The Civic Association devoted an evening to a 
three-cornered discussion of the relation of power 
development to the grandeur of Niagara Falls 
and the general attractiveness of the adjacent 
shores. Representatives of the power companies, 
of the New York and Canadian reservation com- 
commissions, and of the so-called McKim Com- 
mission and of the Civic Association were heard. 

Gen. Francis V. Greene, Vice-President of the 
Ontario Power Co., whose talk was illustrated by 
lantern slides, maintained that accusations of 
greed and commercialism made against the mut 
forming the development companies were largely 
unfounded. The 300,000 HP. now utilized, he 
said, is about one-tenth, and the 600,000 HP. 
which will probably be used eventually, is but 
one-fifth of the amount that could be effectively 
developed. Mr. H. H. MacRae, of the Electrical 
Development Co. of Toronto, and Mr. John L. 
Romer, for the Niagara Falls Hydraulic Power & 
Manufacturing Co., also spoke. All three of the 
speakers named in this,paragraph conveyed the 
idea that their respective companies had not been 
neglectful of the scenic interests of the Falls. 
Mr. Romer stated that his company would ex- 
pend a total of about $200,000 to satisfy ‘the 
taste of the public.” : 

Mr. J. Horace McFarland reviewed the work 
done by the American Civic Association in behalf 
of the Falls, resulting, combined with efforts 
by others, in the Burton bill, under which the 
custody of the Falls was placed in the hands of 


Secretary Taft, and in the reduction, by the 1In- 
ternational Waterways Commission, of the 
amount of water that can be diverted from the 
Falls to 32,650 cu. ft. per sec., instead of 60,000— 
and this, too, under Federal control. The speaker 
commended the various power companies, save 
one, for the cooperative spirit in which they had 
met the efforts of the association. 

Mr. John W. Langmuir, President of the Queen 
Victoria Niagara Falls Park Commission, said 
that besides the power companies now operating 
six others have authority to take water from 
Niagara Falls, or from Lake Erie, three on each 
side of the international boundary line. None 
of these companies is limited by charter as to the 
quantity of water it may divert. Should the com- 
panies, in the aggregate, take as much as tne 
full requirement of the companies now operat- 
ing “‘the scenic effect of the American Falls will 
be almost entirely destroyed and the force and 
grandeur of the Canadian Falls most seriously 
impaired.” 

He stated that 
it is of vital importance that no further grants of water 
for commercial purposes should be made until it is defi- 
nitely ascertained, from actual observation, what effect 
the full authorized withdrawals to power companies now 
in active operation will have on both American and 
Canadian falls. It is imperative that the franchises 
granted on both sides of the river should either be can- 
celled or restricted to the use of such volume of water as 
will not impair the beauty and grandeur of either fall. 

Mr. Frederick Law Olmsted, Jr., of Brookline, 
Mass., described the work of the McKim Commis- 
sion, of which he was a member. Many of the 
suggestions for decreasing the unsightly appear- 
ances of many of the surroundings of the Falls 
had been followed. The speaker thought that 
viewing the Falls both as a source of poetic emo- 
tion and as a source of mechanical power was 
incompatible. The esthetic value of the Falls 
should be put first and ought to be neither bar- 
tered or jeopardized until other water power fa- 
cilities had been exhausted. 

MUNICIPAL TAXATION. 

Nearly a whole session of the National Mu- 
nicipal League was devoted to a discussion of a 
variety of phases of municipal taxation. About 
twenty papers on this and allied subjects were 
scheduled, many of which, of course, were des- 
tined for the annual proceedings, only. Mr. Law- 
son Purdy, President of the Board of Taxes and 
Assessments, New York City, presented a com- 
mittee report summarizing the responses from 
about a thousand letters of inquiry sent to all 
parts of the country. The consensus of opinion 
expressed was “that home rule in taxation is 
essential to the best development.” The com- 
mittee believed that “State and local taxation 
must be divorced in order to give’’ the cities home 
rule. 

RAILROADS AND MUNICIPAL BETTER- 

MENT. 

A paper before the Civic Association, prepared 
by Mr. Joseph T. Richards, Engineer of Main- 
tenance of Way of the Pennsylvania Railroad, 
described the station and grounds improvement 
work done by that road. Mr. Geo. W. Wildin, 
Mechanical Superintendent of the New York, New 
Haven & Hartford R. R., read a paper on loco- 
motives and the smoke nuisance. Four devices 
intended to prevent smoke are now being tested 
by that railway. 

FORCES MOLDING THE CITY OF THE 
FUTURE. 

The two associations joined in listening to a 
number of papers dealing with various phases 
of this subject. Mr. Robert Watchorn, of New 
York City, urged that in the Young Men’s Chris- 
tian Association of the country there is a vast, 
well-organized force that needs only to be directed 
in order to do much effective work for city bet- 
terment. President Faunce, of Brown University, 
who took a helpful part throughout the joint 
conventions, spoke of educational influences, and 
noted in particular the vision of order and beauty 
that results from travel at home and abroad. 
Jefferson visited Athens and Rome and deter- 
mined that Virginia should have an architectural 
object lesson in the way of university buildings. 
He personally superintended cutting the columns 
and capitals of the buildings. 


Mr. Homer Folks, of New York City. 
charitable and sociological work. The . Yi 
Charity Organization Society, he said, h 
to devote itself to the removal of the 
poverty. It has abandoned the theor) 1) 
individual is responsible for poverty. | nary 
tuberculosis is one of the greatest caus. - ,,,. 
erty, and it is a preventable disease. 
must do the major part of this preven: k 
by improving housing conditions, and gi 
transportation facilities, in speed and 
as will enable wage earners to live in rela. 
tively open country. Many could affo: ; 
a house and small garden if only they i 
to and from it in less than an hour and > f. 

Mr. Woodruff remarked that he had a of 45 
municipalities now engaged in efforts to rove 
their city plan. 

Mr. Geo. E. Kessler, a landscape ar t 
Kansas City, Mo. told how Kans City, 
at a time when its bonding lin had 
been reached, began the development what 
is now a notable park and parkway stem. 
Funds were raised by forming park impr) emen: 
districts and levying assessments for bett>>ments. 


MUNICIPAL GOVERNMENT PLA 5s. 
Several experiments in municipal gov: rnment 
have been initiated of late. Most of th have 
been based on the theory that the modern city 
is a business corporation and should be governed 
by a compact board of directors, instead of hay- 


ing a miniature federal government, ith a 
higher and lower legislative body, an executive 
head, etc. The first example of the new jleas 
was Galveston, but it was the exigencics of the 


flood and not the desire to test a theory, that 
caused the establishment of a commission of five 
men to run all the affairs in that city. These five 
commissioners are now elected by popul:r vote. 
One is called mayor-commissioner and each of 
the other four commissioners is at the head of 
one of the four municipal departments, under 
which all the city activities are distributed. Dr. 
W. B. Munro,’ of Harvard University, who de- 
scribed the “Galveston Plan,” said that on tne 
whole it had been successful, at least as a tem- 
porary measure. In 1903, Houston adopted the 
plan and since then Ft. Worth, Austin and E! 
Paso have taken it up. The speaker said that 
the use of the term “Commission” was unfortun- 
ate; that the Galveston commission differs in no 
essential respects from the the Selectmen who 
have governed New England towns, between town 
meetings, for two hundred years; that the Com- 
mission plan had the merit of centralizing re- 
sponsibility and the defect of lessening the edu- 
cative effect upon citizens that comes from the 
responsibilities of holding office. 


A modification of the scheme that has become 
so popular in Texas is the “Des Moines Plan,” 
which will soon go into effect in that Iowa city. 
A paper on this plan was sent by Mr. Silas B. 
Allen, of Des Moines. Under it, wards and vari- 
ous boards will be swept away, and the city wil 
be governed and all its affairs administered by 2 
single elected council, responsible for everything 
and to everybody—that is combining lezislative 
and executive functions, and chosen by and rep- 
resenting the whole city. 

In striking contrast to either of the plans just 
outlined is the “Newport Plan,” which as én 
thusiastically described and upheld as « mode! 
by Rear Admiral F. T. Chadwick, U. S. \. New- 
port now has a Representative Counci!, elected 
for three years, in which is vested all |: -islativé 
power, and a mayor and five alderm::. solely 


executive officers, elected for one yor. Th 
councillors and aldermen are elected b. wards 
and the mayor by the whole city. Adm ! Chad- 
wick considered the adoption of the lveston 
Plan as a “step backward,” both in its | °parture 
from representative government and in (5 mers 
ing of legislative and executive func’ 
spoke strongly in favor of choosing ex tive of 
ficers for terms of ten years, instead only for 
one year, as at Newport, and of cho ‘& them 
for fitness, as German mayors are ch - = 

nd, 


property-holders can vote in Rhode | 
to vote for counciimen in Newport 01 yust pay 
a tax on at least $134 a year. 
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mu: CIPAL HEALTH AND SANITATION. 

yh nelusion of the two conventions was a 
long + session, devoted to “Municipal Health 
and tation.” Dr. A. C. Abbott, Chief of the 
Bure f Health of Philadelphia, and Professor 
of I ene in the University of Pennsylvania, 
pres Dr. Abbott said the speakers had been 


sele with the object of presenting the best 
heal’ -roteective work now being done. Roches- 
ter» represented by Dr. G. W. Goler, Health 
Offic f that city. Smoke abatement measures 
in R ster were prefaced by popular lectures. 
with be increase in smoke that followed the 
coal «ke the deaths from certain communicable 
giseas - went up, but they fell as the volume of 
smoke was again reduced, The great problem of 
to-day is how to get the wage earner out of the 
crowd 1 portions of the city. 

pr. -nas. V. Chapin, Superintendent of Health, 
proviience, R. I, said that when he assumed of- 
fice, i» 1884, municipal health work was directed 
almost wholly to municipal cleanliness. It is now 
known that dirt is not the source of disease. 
While cleanliness is important the health of- 
fcer should not spend his time trying to make 
landlords clean pigstys and cesspools. Instead, 
he had better teach factory girls how to protect 
themselves against tuberculosis and teach doc- 
tors how to protect the public against typhoid- 
pacilli carriers. Dr. Chapin declared that there 
is a great need for a national bureau of health, to 
study questions for which the local health officer 
has no time. 

Mr. M. N. Baker, President of the Board of 
Health of Montclair, N. J., described the organ- 
ization and work of that board. From its crea- 
tion, in 1894, the board has always had an engf- 
neer-member and it has also employed engineers 
as health officers. One of the most important 
lines of work in which the Montclair Board is en- 
gaged is its campaign for clean, safe milk. It 
now has set a bacterial limit of 100,000 and re- 
quires that all milk must be from cows free from 
tuberculosis, as determined by the tuberculin 
test. 

Dr. C. O. Probst, Secretary of the Ohio State 
Board of Health, discussed “Municipal Sanita- 
tion and its Relation to State and National Gov- 
ernments.” The history of typhoid fever in 
Philadelphia, Chicago, Cleveland, Cincinnati and 
other cities illustrates the fact that the sup- 
pression of that disease is not merely a local 
matter. Outsiders contract the disease and should 
be protected against it. There are but few in- 
stances where sewage purification plants are built 
for the benefit of those who stand the cost. Most 
of the advance in sanitary science has been due 
to the work of individuals or of a few states. The 
Federal Government should take up scientific 
health research for the benefit of the whole coun- 
try. If every dollar spent for the Army and 
Navy were duplicated for national health work a 
great saving in life would be effected. Just as 
there are state agricultural experiment stations, 
so should there be state health experiment sta- 
tions, and there should be a national health de- 
partment worthy of the name, Its form, title 
and relation to the Cabinet is of little importance; 
the essential is a competent man as a head and 
Such assistants as may be needed. 

Dr. W. C. Woodward, Health Officer, Washing- 
ton, D. C., read a paper dealing both with local 
cond tions and with the relation of the general 
government to health problems. The negro pop- 
ula‘ on of Washington contributes disproportion- 
de ‘o the death rate, particularly to the mor- 
tal from bronchitis, pulmonary tuberculosis, 
diov ca and enteritis, This seems to be due to 
7 ‘ther than environment, since narrow al- 
‘ve about the same total death rates as 

but in alleys the death rate, white and 
', is as 1 to 2.15. The colored death rate 
clined from 89.76 to 28.27 (years 1875-9 
‘ed with 1900-4), and the white death rate 

/35 to 15.93. There is great need of a 

of accounts and statistics that would 
‘he relation between appropriations for 

health work and the death and sick rate. 
odward then dwelt on the need of more 
health work on the part of the general 
‘nent, urging that the Federal Government 


should show as much interest in the life and 
health of the people as in minerals, forests, 
grasses, insects and animals. The Department of 
‘Agriculture, with its $9,450,000 a year for the 
study of soils, animals and plants, does much work 
in the interest of human health; the Treasury De- 
partment, through the Public Health and Marine- 
Hospital Service, does some, and some is done 
otherwise, as by the Census Bureau, in the col- 
lection of vital statistics. The national govern- 
ment should gather and organize the various 
workers on the skirmish line so their efforts could 
be centralized and their results checked and made 
generally available, 

Dr. W. A. Evans, Commissioner of Health of 
Chicago, after outlining the varied and extensive 
work of his department, which embraces a sani- 
tary supervision of water, milk, smoke, etc., also 
made a plea for more national health-protective 
work. The Agricultural Department spends large 
sums of money in studying soils, plants and ani- 
mals because the farmers of the country have de- 
manded it. It is high time that the fathers and 
mothers of the country demand that the govern- 
ment devote some of its income to the study of 
means to preserve the health and lengthen the 
life of their children. 

During this session it was announced that the 
National Municipal League would create a coin- 
mittee of seven to study the correlation of mu- 
nicipal, state and national health work. 

A resolution declaring that health-protective 
work ought to be entrusted to experts was 
adopted; also another resolution, introduced by 
Dr. Evans, in favor of taking the next national 
census, in cities of over 300,000 population, by 
city blocks, instead of by political subdivisions, 


CONVENTION OF THE SOCIETY OF NAVAL ARCHI- 
TECTS AND MARINE ENGINEERS. 


The 15th general meeting of the Society of 
Naval Architects and Marine Engineers was held 
in the Engineering Societies Building, New York 
City, on Nov. 21-22. The business sessions were 
very brief and the greater part of the time was 
devoted to papers and discussions. As the na- 
ture of these proceedings was necessarily very 
special and restricted largely to naval architec- 
ture, they have not seemed of wide enough in- 
terest to be fully treated in this article; there- 
fore only a brief mention is appended of the 
subject and discussion of each paper. 

(1) “An Experimental Investigation of Stream 
Lines Around Ships’ Models,” by Mr. D. W. Tay- 
lor, Naval Constructor, U. S. N. In this paper a 
method -was developed of tracing the course of 
the water, parted at the bow, as it flowed about 
the hull of models. Some unexpected results were 
shown, as it was found that the greater part of 
the water parted by the bow passed under the 
vessel and came up again at the stern, 

(2) “Some Experiments on the Effect of Longi- 
tudinal Distribution of Displacement Upon Re- 
sistance,”’ by Professor Herbert C. Sadler. This 
paper described some experiments made in the 
experimental tank at the University of Michigan, 
on changes in longitudinal distribution of dis- 
placement and in shape of bow and stern on the 
resistance of the boat to passage through the 
water. 

(3) “Further Tactical Considerations Involved 
in Warship Design,” by Commander A. P, Nib- 
lack, U. S. Navy. In this short paper, Commander 
Niblack brought up to date a paper which was 
read twelve years ago. It was entirely devoted 
to a consideration of tactics, and especially as 
influenced by heteregeneous mechanical equip- 
ment and architecture in a fleet. In the discus- 
sion of this paper the destruction of prominent 
parts of battleships in the Russo-Japanese War 
was analyzed to show the behavior of modern war- 
ships under fire and to show advisable changes 
of upper-works design. 

The use of gas engines was taken up in further 
discussion on the mechanical equipment of battle- 
ships. 

(4) “Submarines of Battle-ship Speed,” by Mr. 
Mason S. Chace. The author of this paper was 
formerly connected with the Japanese govern- 
ment in developing submarine boats, and this 


paper was a general consideration of the growth 
and probable development of submarine war ves- 
sels, especially in regard to speed and to those 
factors which fix the speed limits. « 

(5) “Motor Boats for Naval Service,” by Naval 
Constructor L. S. Adams, U. S. N. The use of 
gasoline motor boats for auxiliary service in the 
navy was shown to be of enough importance so 
that it is given serious consideration by all line 
officers and naval constructors. Typical designs 
in use by the navy as tenders and for ferry ser- 
vice were shown. Along slightly similar lines 
were papers (6) and (7), on “High-Speed Motor 
Boats for Pleasure Use’ (by Mr. Henry R. Sut- 
phen), and “Some Observations on Motor-Pro- 
pelled Vessels and Notes on the Bermuda Race” 
(by Mr. William B. Stearns), although, of course, 
the vessels described in papers (6) and (7) were 
necessarily outside of the navy. 

(8) “The New Revenue Cutters for Special 
Purposes,” by C. A. McAllister, Chief Engineer 
U. S. Revenue Cutter Service. The author of this 
paper gave the general dimensions and features 
of two notable vessels; one of these was for use 
along the Northern Pacific coast of the United 
States, where the hazards of wind, currents and 
fog are extreme and little known even by men 
who navigate these water constantly. Investiga- 
tions orf recent ship wrecks in this region have 
disclosed a loss of some 700 lives and of millions 
of dollars of property in the last century. This 
knowledge has caused a demand for a sea-going, 
life-saving vessel. The second vessel described 
is intended for exclusive use as a derelict de- 
stroyer in the North Atlantic Ocean. The craft 
was designed especially to keep the sea under 
all conditions, for a large radius of action, for 
considerable towing ability and with magazines 
suitable for carrying large quantities of high 
explosives. 

(9) “Test on the Governor Cobb,” by Professor 
W. S. Leland (Massachusetts Institute of Tech- 
nology) and Mr. H. A. Everett. This paper was 
a memorandum of comparatively incomplete tests 
on the first turbine steamer built in the United 
States. The paper was severely criticized for 
its incompleteness and for the consequently 
somewhat misleading character of the data and 
statements presented. In the discussion it was 
maintained that it was not complete enough to 
fairly show the best performance of the “Gov- 
ernor Cobb” under good conditions. The authors, 
not being present, were invited to add to the 
paper at a later date. 

(10) “Appliances for Manipulating Life Boats 
on Sea-Going Vessels,” by Mr. Axel Welin. This 
paper showed the general defects of common 
davits and the mechanical superiority of the 
Welin Quadrant design. 

(11) “The Transportation of Refrigerated Meat 
to Panama,” by Mr. Roland Allwork. A descrip- 
tion is given in this paper of the refrigerating 
plants installed in 1906 on five steamers of the 
Panama Railroad Steamship Line. Considerable 
detail was given of the piping and cooler sys- 
tems employed and of the construction of the 
refrigerator rooms. 

(12) “Two Instances of Unusual Repairs to Ves- 
sels,” by Assistant Naval Constructor W. B. Fer- 
guson, Jr., U. S. N. The first case treated was 
that of the extensive temporary and permanent 
repairs to the bottom of the collier “Nero” after 


‘grounding in August, 1906, off Block Island. The 


second case taken up concerned the renewing of 
sheathing and the replacing, with naval-brass 
fittings, the iron bolts and nuts holding planking 
and the main and bilge keels off Fire Island Light- 
ship No. 68. The serious corrosion of the iron 
bolts on this vessel seemed to be the result of 
electrolysis, between the iron fastenings and the 
composition sheathing and spikes, in the presence 
of salt water which penetrated the wooden 
sheathing. 

(13) “Wooden Sailing Ships,” by Mr. B. B. 
Crowninshield. The designs and methods were 
broadly indicated in an interesting manner, be- 
ginning with Columbus’ caravels, taking up such 
famous ships as “The Ark Royal” (Lord How- 
ard’s flagship of the cruise against the Spanish 
Armada), Drake’s “Golden Hinde,” the “May- 
flower,” the “Sovereign of the Seas” (Phineas 
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Petts’ first large ship-of-war), the “Constitution,” 
and the various merchantmen which have passed 
from the seas. 

(14) “Sorhe Early History Regarding the 
Double-Turreted Monitors, Miantonomoh and 
Class,” by Mr. W. T. Powell. This paper, the 
final one on the programme of the convention, 
gives in general the results of a study of these 
vessels for range of stability. These results are 
reproduced in curves, which were stated to be 
the first complete ones of these vessels known. 

These papers and discussions are contained in 
the proceedings of the society which may be ob- 
tained from the Secretary. 

The present board of officers continues with 
little change. Rear-Admiral Francis T. Bowles, 
U. S. N. (Retired), President of the Fore River 
Ship Building Co., was re-elected President of 
the society, and Mr. W. J. Baxter, Naval Con- 
structor, U. S. N., was re-elected Secretary-Treas- 
urer. Mr. J. W. Miller, Vice-President of the 
New England Navigation Co., was elected Vice- 
President to fill the vacany caused by the death 
of Commodore C. H. Loring. Mr. J. R. Andrews, 
President of the Hyde Windlass Co., Bath, Me., 
was elected associate member of the Council to 
replace Mr. J. W. Miller. Mr. F. L. Du Bosque, 
Assistant Engineer, Floating Equipment, Penn- 
sylvania R. R., was elected a member of the 
Council to succeed Captain W. H. Jaques. 


A NEW SPEED-VARIATION MECHANISM FOR POWER 
TRANSMISSION. 

The accompanying photograph shows a work- 
ing model of a recently-developed mechanism for 
transmitting power at variable speeds. Funda- 
mentally the device is based upon the gear-and- 
cone principle, but the principle is applied in a 
novel way. The gear-cone shown is provideu 
with 20 circumferential rows of “gear pits”; and 
parallel with the slant of the cone is a shaft on 
which is feathered a spur gear having pin teeth 
conoidal in form. This gear is adjustable longi- 
tudinally on its shaft so as to be brought into 
mesh with any desired row of gear pits on the 
cone, thereby causing the driven element, which 
may be either the gear or the cone, to rotate at 
a speed depending upon the ratio of the number 
of gear pits in that row to the number of teeth 
on the spur gear. 

The rows of gear pits on the cone are so ar- 
ranged that the center of one pit in each row 


earrying the spur gear. Naturally, at that in- 
stant one of the teeth is in full mesh with a pit 
in the bar; and the movement of the bar carries 
the spur gear along its shaft, before the next 
tooth is in mesh, until it meshes with a pit in 
either adjacent circular row of pits. 

In the model shown the shifting mechanism 
consists of two cams, actuated by the lever, 
either of which enters the corresponding groove 
at the base of the cone and throws the bar by 
means of a lug on the latter. The lever may be 
held in either operative position, each revolution 
of the cone then causing a shift of one row in 
the spur gear. The curved “ears” below the 
cams, one of which shows in the photograph, 
throw the slide back to its normal position after 
each shift. 

To prevent the gear from running beyond the 
rows of pits at either end of the cone, mechan- 
ism is provided within the cone to throw the 
operating lever back to an inoperative position; 
the angular lug shown just above the right-hand 
cam is the external part of this safety provision. 
A spring throws the lever to its inoperative posi- 
tion when released by the hand at intermediate 
positions of the gear. 

The pin teeth on the spur gear—the parts 
which will receive the most wear in service—are 
removable and renewable. In the model shown 
the pits are drilled straight, i. e., cylindrically, 
and the teeth are conoidal. The manufacturers 
state that they have developed machinery for 
cutting both the pits and the teeth on correct 
odontoidal principles. 

The mechanism is the invention of Mr. G. L. 
Reenstierna, of Edgewater, N. J., and is being 
manufactured by the R.-W. Speed Variator Co., 
of New York City.* 


A NEW SILENT DRIVE CHAIN. 


A recent development in drive chains, differ- 
ing from others in the fieldt in that the teeth 
are at the centers of the links instead of at 
the pins, is shown in the accompanying cuts. 

Fig. 1 shows a bottom and side view of a sec- 
tion of the chain. The links are stamped from 
high-carbon steel, from 0.05 in. to 0.075 in. thick. 
The two end links-in each row are retaining 
links only. The pins are not riveted, but have an 
annular groove at each end, as shown in the 
photograph. One hole in each retaining link is 
keyhole shaped, and in assembling the chain this 
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WORKING MODEL OF THE R-W SPEED VARIATOR. 


lies in the same element of the cone. The pits 
in this row are formed in a sliding bar, movable 
in either direction a distance equal to the space 
between successive circular rows of pits. This 
movable bar is shown in the photograph, at the 
front. 

Mechanism is provided for shifting this slide 
in either direction at the instant in the cone’s 
rotation when the slide is parallel with the shaft 


end is put on first and down so as to lock the 
eat in the groove; this locks the adjacent retain- 
ing link, and so on through the chain. The re- 
taining link at the coupling point is in two pieces, 
as shown in Fig. 2. The retaining links are much 
thinner than the driving links. The facility with 


Singer Building. 
tA description of the well-known Renold chain will be 
found on p. 154 of Engineering News for Sept. 5, 1901. 


Vol. 58. 22. 
which the chain may be taken apart, 


ened, will be evident. The faces und. ‘3 
are of a sufficient angle to clear the tik 
the wheel teeth, adapting the chain to ‘ 
any size. The pins are case-hardene. i 
of the same radius as the outer or bear nds 
the holes in the links, thus giving la: 
surface and doing away with the exce 


Fig. 1. Section of Schmidt Silent Drive Chain. 


found where the holes are circular and larger 
than the pins. 

When elongated by wear, the chain rides out 
on the wheel teeth as the pitch lengthens, as 
shown in Fig. 2. In entering or leaving the driy- 
ing arc, the link teeth clear the whee! teeth, 
and undue wear from friction is avoided. High 
speed ratios are declared possible by the makers 
of the chain, who state that it will operate suc- 
cessfully at 20:1. 

The chain is the invention of Mr. Carl G. A. 


. Schmidt, Jr., and is manufactured by the Schmidt 


Drive Chain Co., of 265 Broadway, New York 


Position 
of Chain when New. Link Ready 


Retaining Link 
in two Parts 


ad 
(© Position 
after Elongating ws 
Sin.per ft. 


Fig. 2. Diagram Showing Automatic 4 justmert 
of Schmidt Drive Chain when Leng! 
Wear. 


City. A chain installed in a large 
Newark, N. J., drives a rotary pump lil 
p. m. from a 5-HP. induction motor © nning * 
1,130 r. p. m.—a reduction of 8.1. 


THE CONSOLIDATION OF PITTSBURG D ALLE- 
gheny, Pa., provided for by an act of the - onsylvanis 
Legislature, has been upheld by the U. 9. Su me “ou 
The consolidation, presumably, will go into at 
The present city officials of Allegheny will, » | the elet 
tion of 1909, become deputies to the officials Pittsbu" 
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4 p2 ‘AGE SYSTEM NEAR BAST ST. LOUIS, ILL. 
py ) ORD A, THOMPSON,* Assoc. M. Am. Soc. C. E. 


A raect has just been let to R. A. Brown, of 
Vin es, Ind., at 16% cts. per cu. yd., for 


dre » about sixteen miles of drainage canals. 
The trict in which these canals are to be con- 
stru lies east and south of East St. Louis, 
IL, part of what is called the American Bot- 
tom: ing between the bluffs on the east and the 
Miss ppi on the west. 


In 2 a ditch (10 or 12 ft. bottom width, no 
on file) was dug, as shown on the ac- 


condensed statistical results of at least the preceding 
four years. Such complete statistics not only enable 
an administration of a department to show what it has 
accomplished and indicate the results compared with 
previous administrations, but they are also of indispens- 
able assistance in making up proper annual budgets for 
each succeeding year. 

Much has been said and written upon the uniformity 
of muncipal statistics in different cities. While uni- 
formity is important, it is far more important that sta- 
tistics should be properly analyzed and complete, 
whether they are kept in just the same manner as other 
cities or not. 


reco There is no more important a department or bureau 
comp ying map. This ditch has filled up from _ for a city to establish than that of municipal statistics. 
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MAP SHOWING DRAINAGE WORK UNDER 


dirt washed down or brought in by the high 
water from the river so that only in a few places 
can any trace of the old ditch be found. 

In 1892 the high water backed in and filled the 
lakes as shown. The water slowly evaporated 
until the summer of 1902 these lakes were al- 
most dry except in a few places along the bluffs. 
In that part of Pittsburg Lake near East St. 
Louis some subdivisions were laid out and sev- 
eral houses were built. The high water of 1903 
again filled these lakes. At present there are 
Some places in Pittsburg Lake where the water 
is 10 ft. deep. c 

Where the Louisville & Nashville R. R. enters . 
the bluffs is a creek which after heavy rains 
floods the tract between the railway and the 
northern limits of the district. 

To take this creek and to drain the lakes the 
Present system of ditches was designed. The 
engineer’s estimate calls for the moving of about 
1,001,000 cu. yds. of dirt, about half of which 
will be used for levee purposes. Mr. W. J. 
Crocken is engineer for the drainage work. 

MUNICIPAL DATA AND STATISTICS.+ 

The measure of success of each of the many depart- 
men of municipal life can be determined by complete 
and roperly arranged data and statistics of each de- 
par ont. These statistics should include hundreds of 
beside dollars, because it is not by money cost, 
) that is important, that the true success of 
m al administration is measured. 

: ‘pal statistics are too often kept in an obscure 


m without analysis and without tables of com- 
4 with the statistics of previous years. They 
8 be properly analyzed into many subdivisions or 
. Final condensed tables should set forth each 


. only the statistics for that year but should be 
ed by law or municipal ordinance to include the 


‘tant Engineer, East St. Louis, Iil. 

‘nsation of a Report made to the American 

cipal Improvements, Detroit, October, 1907, by 
tt ‘mittee on Municipal Data and Statistics, 
- '. W. Howard, Chairman, New York City; H. W. 

_ New York City, and William Fortune,’ Indian- 


CONTRACT NEAR EAST ST. LOUIS, ILL. 


The chief in charge of that bureau should be a man 
of the highest character and education possible to ob- 
tain. Nothing will help more to solve the trying prob- 
lems of our city administrations than municipal statis- 
tics. They help a city avoid the mistakes and reap the 
benefit of its own progress and that of other cities, un- 
der a system of exchange and comparison with the rec- 
ords and data of other cities. The principal cities of 
Europe have maintained and exchanged such valuable 
data for many years and a few American cities have 
started to do the same. 

We recommend that the members of this society en- 
deavor more and more to record and have published the 
statistics of their departments and we urge all munici- 
pal departments to do the same. We recommend that 
every city establish a bureau of municipal statistics or 
a municipal statistician and prescribe the detailed rec- 
ords which must be kept; also how and when these 
services shall be performed and reports rendered for the 
information, guidance, assistance and benefit of living 
and future inhabitants. 

THE WORST RAILWAY WRECK OF THE WEEK is 
reported in a press despatch from Barcelona, Spain, 
dated Nov. 25. An express train bound from Barcelona 
to Valencia was crossing a bridge near Tarragona, when 
the bridge collapsed and all but three cars went into 
the river. Sixteen bodies were taken from the wreck, 
it is said, and 30 persons were injured. 

Three persons were killed on the Philadelphia & Read- 
ing Ry. at Philadelphia, on Nov. 26, in a rear-end collis- 
fon between a coal train and a freight train. Mistaken 
signals is the reported cause. 

A head-on collision occurred between two passen- 
ger trains on the Vandalia R. R. on Nov: 19, at Vevay 
Park, Ill. One person (an engineer) was killed, and 
four injured. Dense fog caused the wreck. 

In a head-on collision on the Wheeling & Lake Erie 
R. R., on Nov. 18, between a freight train and a light 
engine, one person was killed, and two fatally and two 
seriously injured. Fog is also the reported cause of this 
wreck. 

AN EXPLOSION of four boilers on Nov. 20 in a mill 
of the John L. Roper Lumber Co, near Norfolk, Va., 
killed six men and injured one fatally, and a dozen others 
more or less seriously. 


An explosion reported in a press despatch from Kenora, 
Ont., on the same date, killed seven men and injured four 
at the eastern construction works of the Grand Trunk 
Pacific Ry. at Dryden. The nature of the explosion is 
not stated. 


THE “MAURETANIA” encountered uncommonly severe 
weather on her maiden voyage, with the result that her 
time for the 2,781 miles from Daunt’s Rock to Sandy 
Hook was considerably longer than the ‘‘Lusitania’s’’ 
previous record. The total time was 5 days, 5 hrs., 10 
min.—making an average speed of only 22.21 knots per 
hour; but she lowered the world’s record for daily runs, 
by steaming 624 miles for the 25 hours ending at noon 
on Nov. 20—6 miles better than the record made by the 
‘‘Lusitania’’ on her last western voyage. The ‘‘Maure- 
tania’s’’ average hourly rate for that day's run was 
practically 25 knots per hour. 


ALEXANDER GRAHAM BELL’S AIRSHIP was 
launched at Baddick, N. 9., on Nov. 10, from the in- 
ventor’s laboratory. The airship, which seems from de- 
scriptions to be more of a kite than an airship, was 
taken out on Bras d'Or Lake, but owing to the weather 
no flight was attempted. The following description of 
the invention is quoted from current press notices: 


The ship, or kite, in itself a section of a tetrahedron, 
is 138 meters long on top, 10 meters along the bottom, by 
3 meters deep. It is composed of 3,393 units, or small 
tetrahedrons, two faces of which are covered with silk, 
this forming a two-winged cell. These cells are ar- 
ranged to give, as the result of many tests, the maxi- 
mum stability with the lightest weight. A hole has been 
cut through the center of the contrivance to furnish 
accommodation for the motor and a navigator. The 
ship is also provided with a bow for flying purposes. 
Three floats are used as a part of its construction to sup- 
port it while on the lake. A motor with four cylinders 
of 20 HP. will drive two solid screw propellers on the 
same shaft, but in opposite directions. With the motor 
in position the airship weighs 220 Ibs. 


THE PRODUCTION OF COKE in Great Britain during 
1906 is shown in the “General Report on Mines and 
Quarries,’’ for that year, just issued. The total coke 
production was stated as 19,296,526 tons, worth about 
$62,246,000. The year before the production was 18,037,- 
985 tons valued at $53,129,000. This includes blast fur- 
nace and gas works coke; 29,798 ovens were reported in 
operation in 1906 and in 1905 the figure was given as 
31,060. For these two years the number of bee-hive 
ovens in use is given as 23,454 and 25,514 respectively. 
It is seen that a decrease in the number of ovens in use 
has been accompanied by an increase in production. At 
51 out of 257 works by-products were recovered. In 
the United Kingdom 1,399,542 tons of coal (steam, house- 
hold, coking and mixed) were made into 1,513,220 tons 
of fuel briquettes having a value of about $4,495,230. 
These figures for 1905 were respectively 1,109,797 tons, 
1,219,586 tons and $3,588,355. 


> 


THE RICHEST GOLD MINE IN THE WORLD, ac- 
cording to a tabulation of the world’s large gold mines 
recently made by the ‘‘Mining and Scientific Press,’’ of 
San Francisco, is the Robinson mine at Johannesburg, 
S. A. The capital of the Robinson Gold Mining Co., Ltd., 
is £2,750,000 ($13,350,000). Milling operations were be- 
gun in January, 1888, since which time there have been 
3,212,200 tons of ore mined altogether and 2,686,300 tons 
milled. The total working expenses have been £3,552,300 
(about $17,250,000) or 26s. 5.4d. (6.43) per ton. 

The total amount of gold produced has been 2,253,800 oz. 
fine, valued at £9,474,700 (about $46,000,000) or 70s. 
6.54. ($17.11) per ton. The working profit has been 
£5,922,400 (about $28,750,000) or 44s. 1.1d. ($10.72) per 
ton. It is estimated that the Robinson mine will have 
ceased to be profitable by the end of 1920, at the end 
of which time it is estimated that it will have yielded 
a net profit of 70,000,000 tons. 


A LARGE, STEAM-DRIVEN MOTOR TRUCK for ship- 
builders’ use, designed to carry steel plates up to 40 ft. 
long (the size used on the last two Cunard line giants), 
was recently built by the Mann Patent Steam Cart & 
Wagon Co., of Hunslet, England, for use at the yards 
of Swan, Hunter & Wigham-Richardson at Wallsend-on- 
Tyne. The truck, described in the ‘Iron & Coal Trades 
Review” of Oct. 4, was built low so as to allow passage 
beneath the hull of a vessel on the ways, and conse- 
quently the motive power and source had to be mounted 
low. The boiler is carried forward, with a funnel at 
each side, and is provided with a damper to direct the 
exhaust gases into either funnel. The dfiver sits be- 
neath the load, directly behind the boiler, and may 
steer from either side; just behind his seat is a water 
tank, and the engine is geared to the rear axle and runs 
in an oil bath. 


IMPACT TESTS ON RAILWAY BRIDGES are being 
made under the direction of tit Committee on Iron and 
Steel Structures of the American Railway Engineering 
and Maintenance of Way Association. The expenses are 
defrayed from a fund provided by subscriptions from rail- 
way companies, and about $5,520 has already been sub- 
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scribed, which is sufficient for about two seasons. The 
work is in charge of Prof. F. E. Turneaure (University 
of Wisconsin), whose instrument designed for this work 
was described in Engineering News, June 20, 1907, p. 681. 
In @ progress report published in Bulletin No. 92 (Octo- 
ber) of the above Association, it is shown that tests 
have been made on a number of pin-connected and plate- 
girder bridges on five different railways. The longest 
span tested was 225 ft. The other bridges ranged from 
120 to 160 ft. for the pin-connected structures, and from 
25 to 80 ft. for the plate-girder structures. In each case 
special trains were furnished, consisting of a locomotive 
and, usually, loaded cars sufficient in number to cover 
the structure. These special trains were run over the 
bridges at various rates of speed, ranging from very slow 
to the maximum practicable speed. Some observations 
were made on trains in the regular traffic. Nearly 600 
observations were obtained from a deflection instrument 
and from eight extensometers attached to various mem- 
bers. 


PERSONALS. 


Mr. Mortimer A. Sears, M, Am. Inst. M. E., has opened 
an office for consulting mining engineering at 45 Broad- 
way, New York City. ; 

Mr. Thomas McCaffery, Assistant Superintendent of 
the Los Angeles division, Southern Pacific Ry., is re- 
ported to have resigned. : 


Dr. H. M. Payne has been elected Dean of the recently- 
created Department of Mining Engineering at the Uni- 
versity of West Virginia. 

Mr. J. K. Gray has resigned as Superintendent of the 
Western Ohio Electric Ry., and will become Manager 
of the Mansfield line of the Cleveland Southwestern Ry. 

Mr. W. T. Dorrance has been appointed Designing 
ingineer for the Exterior Zone of the New York Cen- 
tral & Hudson River R. R., with office at the Grand 
Central Station, New York City, 

Mr. C, M. Shank has resigned as Superintendent of the 
Lemont (Pa.) plant of the H, C. Frick Coke Co., and 
is succeeded by Mr, Burton Boyd, formerly superintend- 
ent of the Continental No. 2 plant. 


Mr. E, 8S. Moore, recently in charge of exploration 
work in northern Ontario for the Ontario Department of 
Mines, has been appointed Fellow in the Department of 
Geology in the University of Chicago, 

Mr. Geo. A. Gallinger, of the Chicago office of the 
Independent Pneumatic Tool Co., has been appointed 
Manager of the Pittsburg office to succeed the late Mr. 
Richard D. Hurley, who died on Nov. 5. 

Mr. J. P. Spivey has been appointed Superintendent of 
transportation of the Kansas City Southern Ry., suc- 
ceeding Mr. F. 8, Rawlins, resigned. Mr. Spivey was 
Chief Clerk to Mr. Rawlins prior to his resignation. 

Mr. Glenn D. Holmes, Assoc. M. Am, Soc. C. E., for- 
merly Engineer of Water Supply on the New York 
Barge Canal at Syracuse, has been appointed Chief En- 
gineer of the Syracuse Intercepting Sewer Commission. 

Mr. Wm. 8S. Gorsuch, of the electrical engineering 
department of the New York Central & Hudson River 
R. R., has been appointed by the Y. M. C. A, of New 
York City to conduct its evening course in electrical 
engineering. 

Mr. E, E. Johnson, Assistant Superintendent of the 
International & Great Northern R. R. at Mart, Texas, 
has been appointed Superintendent, succeeding Mr. C. J. 
Larimer, resigned. Mr. Johnson is succeeded by J. D. 
Whittington. 

Mr. H. W. Peck, Assoc. Am, Inst. E. E., Electrical 
Engineer, with the Consolidated Gas, Electric Light & 
Power Co., of Baltimore, has accepted a position as 
Assistant Electrical Engineer of the Rochester Ry. & 
Light Co., of Rochester, N. Y. 

Mr. Geo. K. Lowell, General Manager of the Detroit, 
Toledo & Ironton Ry. and the Ann Arbor R. R., has 
been elected Vice-President of the two companies. Mr. 
Lowell began his railway career as a roundhouse em- 
ployee on the Boston & Maine R. R. 


Mr. Wm. S. Love, who for tight years managed the 
business of the Wheeler Condenser & Engineering Co. in 
the central West, and who has been in New York City 
for the last year as General Sales Manager, will resume 
charge of the Chicago office of the company on Jan. 1. 


Mr. J. N. Galbraith has been appointed Chief Engineer 
of the Mexican Central Ry., succeeding Mr. L. Kingman. 
Mr. C. T. Norton has been appointed Superintendent of 
the Coahuila & Pacific division, succeeding Mr. E. R. 
Walters. Mr. Galbraith’s headquarters will be at Mexico 
City and Mr. Norton's at Saltillo. 


Mr. W. E. Whitney, Superintendent of the Union Sta- 
tion at Denver, has been made Superintendent of a 
newly-created division @mbodying the Union Pacific Ry.’s 
line from Rawlins, Wyo., to Green River, Wyo. (hereto- 
fore part of the Wyoming division) and the- Oregon 
Short Line R. R.’s line from Green River to Ogden, 
Utah. Mr. Whitney will be stationed at Ogden, 


Mr. Foster Crowell, M. Am. Soc. C. E., a consulting 
civil engineer of 18 Broadway, New York City, has been 
appointed Commissioner of Street Cleaning for New 
York City, to succeed Dr. Walter Bensel. Dr. Bensel 
had held the office only temporarily, for 4% months, after 
the resignation of Commissioner Craven. 

Mr. A. L. Hertzberg, Engineer of Maintenance of Way 
of the Canadian Pacific Ry., has been appointed Division 
Engineer of the Ontario division with office at Toronto. 
Mr. J. M. R. Fairbairn, whom he succeeds, has been 
made Division Engineer at Montreal. The position of 
Engineer of Maintenance of Way has been abolished and 
its duties included with those of the Assistant Chief 
Engineer, Mr. F. P. Gutelius. 


Obituary. 


Prof. Asaph Hall, a well-known astronomer, who was 
in the naval service from 1863 to 1891—including many 
years’ service in the Naval Observatory at Washington— 
died at Annapolis on Noy. 22. 


Charles S. Magowan, Professor of Municipal and San- 
itary Engineering in the College of Applied Science, 
State University of Iowa, died on Nov. 14, after an 
illness of some months duration. Prof. Magowan had 
been a member of the faculty of the University of Iowa 
for 21 years. 


Samuel C. Walker, President of the Harbison-Walker 
Refractories Co., of Pittsburg, one of the largest com- 
panies in the country making fire brick and refractory 
materials, died at Shields, Pa.—his home—on Nov. 23. 
He was 59 years old, and a brother of John Walker of 
the Carnegie Steel Co. | 


Edward A. Handy, M. Am. Soc. C. E., General Man- 
ager of the Lake Shore & Michigan Southern Ry., 
died on Noy. 21 at Chicago. Mr. Handy was born at 
Barnstable, Mass., in 1855; he entered the railway field 
immediately after graduation from the Massachusetts 
Institute of Technology, and in 1888 was appointed Chief 
Engineer of the Lake Shore & Michigan Southern Ry., 
and later General Manager. He was also General Man- 
ager of the Lake Erie & Western R. R. 


ENGINEERING SOCIETIES. 


COMING MEETINGS. 
AMERICAN ‘SOCIETY OF REFRIGERATING ENGI- 
NEERS 


Dec. 2-3. Annual meeting at Engineering Societies 
Building, Secy., Wm. H. Ross, 154 
Nassau St., New Yor y. 

AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 

Dec. 3-6. Fifty-fourth annual meeting at New York 
City. Secy., Calvin W. Rice, 29 West 39th St., New 
York City. 

SOCIBTY FOR ares PROMOTION OF INDUSTRIAL 
EDUCATION, 

Dec. 5-7. Convention at Chicago. Secy:, C. R. Rich- 

ards, Columbia University, New York City. 
ASSOCIATION OF TRANSPORTATION AND CAR-AC- 
COUNTING OFFICERS. 

Dec. 10. Annual winter meeting at —_—. Secy., 

G. P. Conard, 24 Park Place, New York City. 
AMERICAN ECONOMIC ASSOCIATION. 

Dec. 28-31. Twentieth annual meeting at Madison, 
Wis. Secy., Winthrop M. Daniels, Princeton, N. J. 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT 

OF SCIENCE. 

Dec. 20-Jan. 4. Annual meeting at University of Chi- 
cago. Secy., L. O. Howard, Cosmos Club, ashing- 
ton, D. C, : 

ICAN SOOIETY OF CIVIL ENGINEERS. 
ag 1 Annual meeting at New York City. Secy., 
Chas. Warren Hunt, West 57th St., New Yor 
City. 
NAL ASSOCIATION OF CEMENT USERS. 
— 90-25. Fourth annual convention at Buffalo. Secy., 
W. W. Curtis, 585 Caxton Bidg., Chicago. - 
tion Manager, Dai H. Lewis, 760 Main St., Buffalo. 


NEW YORK ELECTRICAL SOCIETY.—At a meeting 
held Nov. 20, Dr. Lee De Forest gave an informal talk 
on “Wireless Telephony.” The rudiments of wireless 
telephony, its similarity and dissimilarity to wireless 
telegraphy, the means of sending out undamped waves 
of extremely high frequency, the methods of breaking 
these up for the transmission of speech, the receiving ap- 
paratus, the use of wireless telephony in the navy, and 
the possible developments of the future were among 
the phases discussed. 

MAINTENANCE-OF-WAY MASTER PAINTERS’ AS- 
SOCIATION.—The fourth annual meeting was held at 
Chicago, Nov. 19 and 20. Two or three papers dealt 
with the painting of steel railway bridges, and it was the 
general opinfon that there should be no shop coat of paint. 
The sand-blast was not considered generally applicable 
for cleaning bridge work; chisels and wire brushes are 
most generally used. A paper on “Paint Stock’’ recom- 

ded that standard paints should be sent out ready 
mixed and of the proper colors. A paint car with ample 
supply of materials and tools is ah economical addition 
to the equipment. Another paper discussed the problem 
of “Linseed Oil.” Officers were elected as follows: 
President, A. B. Phelps (L. S. & M. S. Ry.); Vice-Presi- 
dents, W. I. French (N. Y., O..& W. Ry.) and M. F. 
Ebel (C., H. & D. Ry.); Secretary, H. J. Schnell, 100 
William St, New York. 


OHIO SOCIETY OF MECHANICAL, § 


AND STEAM ENGINEERS.—The annual 
held at the Hotel Hollenden, Cleveland, o: y an 
Saturday, Nov. 15 and 16. After the bu of the 
society on Friday morning, Mr. W. L. Mo: sented 
a paper on “Some Suggestions Concerning anage- 
ment of Engineering Societies,’ and Mr. © Jacobs 
“Coil Insulation in Blectrical Apparatus."’ after. 
noon was devoted to a visit to the plant of erwin 
Williams Co., paint and varnish manufactu: Friday 
evening, Prof. Wm. T. Magruder, the retiri: sident 
delivered an address, ‘“‘Some Suggestions o: astrial 
Education in Ohio”; Mr. W. A. Rowe pres 4 4), 
Washing and Humidifying, and Some of It. lustrial 
Applications”; Mr. B. F. Houghton, ‘‘Power at and 
Light from Central Stations,” on which Mr. len 
presented written discussion. 

Saturday morning was devoted to visits to t) ats of 
the White Steam Automobile Co., the Warner Wasey 
Co., the Allyne Brass Foundry and the Brow sting 
Machinery Co. After the business of the aft: 1 Sep 
sion, including the election of officers, a paper read 


on “The Incandescent Lamp from the Man turer's 
Standpoint,”’ by Mr. G. Loring; and one on “‘A \ ametrie 
Study of Cast Iron,” by Mr. Henry M. Lane, © iitor ot 
“‘Castings.”’ 

Officers elected for the next’ year were: esident 
F. W. Ballard, Manager, Engineering and Co: ‘ructio, 
Department, Sherwin-Williams Co., Clevela: 
President, W. C. McCracken, Superintendent, 
ing Department, Ohio State University; Secretary, w. 4 
Rowe, Buffalo Forge Co., Cleveland; Treasur'r Mason 
Chilcoote, Consulting Engineer, Akron. 


AMERICAN SOCIETY OF CIVIL ENGINEEIS —At a 
meeting of the society held Nov. 20, considerable discys- 
sion was aroused concerning the design of reinforced- 
concrete columns. The paper of the evening, ‘The Re- 
inforced-Concrete Work of the McGraw Building,” read 
by its author, Prof. W. H. Burr, described in detail the 
columns used in that building. These columns, in 
some places 180 ft. in length, consist of regular built 
up latticed steel sections, filled inside and covered out- 
side for a thickness of two inches, with concrete. The 
largest columns have exterior dimensions at the base- 
ment of 29 x 29 ins. reducing at the eleventh story to 
14 x 14 ins. The ratio of the area of steel section 
varied from 10% at the basement, where the steel car- 
ries about 57% of the total load, to 344% in the ninth 
floor where 30% of the total load is carried by the steel. 
Although the column unit stresses allowed by the 
building code of New York were at the time this de- 
sign was submitted, 350 Ibs. per sq. in., the depart- 
ment allowed in this case 750 Ibs. per sq. in. on account 
of the hooped column action which the enclosing steel 
angles and lacing are supposed to induce. These col- 
umns were built in two-story sections, 25 ft. in length, 
and poured in a similar manner to other concrete col- 
umns. 

Prof. Burr, in the course of his address, advocated 
this type of column for all reinforced-concrete work, 
saying that it was the only absolutely safe design unless 
a large section of concrete was used with sma!! rods to 
prevent undue surface cracking. Although some few 
tests have been made on similar columns, there is 
very little available information as to the exact stresses 
which can safely be put upon such members. Still, Prof. 
Burr thought that 750 Ibs. per sq. in. was a very con- 
servative load to put upon the concrete, provided, as in 
this case, the steel is designed to take the dead load. 

The design of these columns was attacked by many 
members, principally upon two grounds, first, that they 
are decidedly uneconomical and second, that the condi- 
tions of design and construction are such as to pre- 
clude the close connection of concrete and steel whiel 
are necessary before the two materials can Act as 2 
composite body. Under the first objection, 2 member 
gave figures showing that a greater part of the steel 
could have been left out and there still would have re 
mained a safe column. The writer, however, admitted 
that the column as designed was entirely different from 
the stock refnforcéd-cofcrete column and ther: ‘ore to 
strenuous criticism should be reserved until ‘ests had 
been made. The larger part of the criticism !inged 00 
the probability that the concrete in being <eposited 
down so great a hole as is left in the stew! latticed 
columns would shrink to such an extent tha! ‘he col- 
nection would not ensure a simultaneous work ¢ of the 
two materials, 

Some general criticism of the whole buildi:~ was i- 


Vice- 


dulged in on the grounds that for so tall structure 
(11 stories) a skeleton steel construction i many 
advantages over the concrete design here d. The 
steel building would only require 80% more ‘eel tha 
is used in the design built and it is certs that the 
concrete would cost more than the firepro =: needed 
in a skeleton system. In addition, the conc: © columas 


take up much more room than would the «(°° Lastly, 
the steel building has just as low a fire in 
as the coticrete. 

Prof. Burr reserved his answers to the c° ‘cisms fF 
a future written reply. 
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